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Executive Summary

This report presents the results of an investigation of partial areas within three landfills

(i.e., 218-W-4C, 218-E-10, 218-E-12B), as well as the entire area of the 218-W-6

Landfill. These four landfill areas are located with the 200 West and 200 East Areas of

the Hanford Site. The collective footprint of these four areas is about 65 hectares

(160 acres).

The purpose of this investigation is to evaluate and determine whether dangerous waste

and/or other mixed waste was placed in four landfill areas. Earlier assessments of process

knowledge indicate that these areas have not been used for waste disposal. However, to

gain additional confidence in the history of these areas, plans for additional investigation

were described and approved in 200-SW-1 Nonradioactive Landfills Group Operable

Unit and 200-SW-2 Radioactive Landfills Group Operable Unit Remedial

Investigation/Feasibility Study Work Plan (DOEIRL-2004-60, Rev. 0).

This investigation reviewed and evaluated multiple lines of evidence to assess whether

the four landfill areas were develop or used. The lines of evidence included the

following:

* The Solid Waste Information and Tracking System information

a Engineering design drawings

* Historical aerial photographs

a Physical walk downs of the areas

* Aerial radiation surveys

* Surface geophysical investigations

The results of this investigation support a conclusion that the four landfill areas have not

been used in the past for purposes of solid waste disposal.

Removal of these four landfill areas from further remedial investigation could be

accomplished using RL-TPA-90-0001, 2007, Tri-Party Agreement Handbook

Management Procedures, Guideline Number TPA-MP- 14 Procedure, "Maintenance of

the Waste Information Data System (WIDS)" to reclassify these unused areas as rejected

waste sites. This process would allow for documentation of the conclusions reached in

this report.

iii



SGW-48278, REV. 0

IV



SGW-48278, REV. 0

Contents

I Introduction ......................... ...... .......... . . ............. 1

1 1 Background .................................................................. 

1 .2 Purpose and O bjectives ............................. . ........ ........................... 4

2 Investigation Methods Overview ......................... .-.......... 5

3 Investigation Results for Each Landfill Area ................................... 6

3.1 2 18-W -4C A nnex ............................................................. .. .....................................- 6

3.2 218-W-6 Annex.....-........................................ ....... 7

3.3 218-E-10 Annex ............. . ....................................... .8

3.4 218-E-12B (Area West of Trench 37) ..................................... 9

4 Conclusions - . ...-......................................................... ........... 9.- 9

5 References.............. ..................... ....................... 10

Appendices

A Engineering Drawings ................................... A-i

B H istorical A erial Photos.. .. ............................................................................. .. B -i

C Aerial Radiation Survey Images........... ........................... C-i

D Surface Geophyscial Investigations ............................................................ .. ..... D-i

Figures

Figure 1-1. Location of the Hanford Site - .. ......................................................... I

Figure 1-2. Location of 200-SW-2 Operable Unit Landfills in the 200 West Area ..............................- 2

Figure 1-3. Location of 200-SW-2 Operable Unit Landfills in the 200 East Area 3..- .---.. 3

V



SGW-48278, REV. 0

vi



SGW-48278, REV. 0

Terms

DOE U.S. Department of Energy

Ecology Washington State Department of Ecology

OU operable unit

RCRA Resource Conservation and Recovery Act

RI/FS remedial investigation/feasibility study

SAP sampling and analysis plan

SWITS Solid Waste Information and Tracking System

Tri-Parties Washington State Department of Ecology, U.S. Environmental Protection
Agency, and U.S. Department of Energy

TSD treatment, storage, and/or disposal

VII



SGW-48278, REV. 0

viii



SGW-48278, REV. 0

1 Introduction

1.1 Background

The 200-SW-2 Operable Unit (OL') currently includes 25 solid waste landtills that are located in the
200 Wcst and 2R) East Areas of the anftord Site Figuics 1-1, 1 -2 and 1-3 are maps showing the

location of the Ilanford Sic and the locations of the 200-SW-2 landfills within the 200 West and 200 East
Areas, respectively.
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Figure 1-1. Location of the Hanford Site
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From the mid-1940s to 2004, radioactive solid waste was disposed in the pre-planned and designed burial
trenches within most of these landfill areas. A detailed description of the background and operational
history of each of these landfills is inchded in DOE/RL-2004-60, 2100-SW-1 NJnradioactive Landfills
Group Operable Unit and 200-S W-2 Radioactive Landfills Group Operable Unit Remedial
Investigation/F easibdity Study Work Plan (hereinahler referred to as the remedial investigation/feasibility
study [RI/FS} work plan). The RI/FS work plan was approved and published in 2008.

The focus of this report is on four land fills known as the 218-WAC, 218-W-6. 218-E-10, and 218-E 1213
Low-Level Burial Grounds. Each of these sites are currently identiied as Resource Conservation and
Recovery Act (RCRA) treatment, storage, and/or disposal ([SD) units. The 21 8-W- landfill has been
moved from the 200-SW-2 OU into the 200-OA-l OU. This move was based on the understanding of the
Washington State Department of Ecology (Ecology), the U.S. Environmental Protection Agency, and the
U.S. Department of Energy (DOE) (collectively referred to as the Tri-Parties) that this landfill has never
been used. (Ecology et al., 1989, Revise Tri-Party Agreement Appendix C to Align Operable Unit
Assignments with Proposed Central Plateau Decisions, C-09-07).

The sampling and analysis plan (SAP) that is included in Appendix A of the RIUFS work plan identifies a
number of investgtiIons that were planned for the 200-SW-2 OU. One of these investigations involves an
additional evaluation the unused areas of four different landfills areas. Section A.3.l.13 of the SAP
includes the following text:

-Portions of three of the RC BA TSD init land/ills within the 200-SfW-2 OU never have received
burtied waste. Annexes of the 218-f 4C mid 2 1-Iit) Burial Grounds, as well as unused
portions ofthe 21, -F- 12B Burial Groumd wer'e intended to be used for Juture disposal of wiste;
however. no waste hisposals are known to have taken p/atie in these aire-as. In addition, the
21- W-6 Burial CGround is not known to have received waste.

Vi sual inspection tnd surf ace graph scal survew of unused portions and annexes of landfills
will hr performed, coupled with review of aerial photographs, to locate disturbed soil within
/hest areas that mar indicate the presence of huried waste. Other historical inormation also maY
be reviewed to determine i/ waste has been buried at these sites.

4/ ter field stIrreys are coMvpleted these areas af umsed landfills wll be administrativeli
reclassified in f/c Waste Information Data Systim database. Those steps required to reclassify
these areas atr described in Chapter 5.0 af the RI/FS work plan.

Most landfill areas included in this investigation were annexed in the mid-1 980s for future/potential
growth.

1.2 Purpose and Objectives

The purpose of this investigation is to evaluate and determine whether dangerous waste and/or other
mixed waste was placed in four landfill areas within sites 2 18-W4C. 218-W-6, 218-1-10, and
218-E- I 2B. Earlier assessment of process knowledge indicated that these areas have not been used for
waste disposal Iowever, to gain additional confidence in the history of these areas, plans for additional
investigation were described and approved in the RI/ES work plan. The unused areas addressed by this
investigation comprise approximately 60 heetares (150 acres) of the approximate 225 hectares (556 acres)
within the Low Level Burial Grounds landfill disposal unit.
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2 Investigation Methods Overview

The multiple lines of evidence were used to complete this investigation are listed below, and followed by
summary level descriptions of each activity.

* The Solid Waste Information and Tracking System (SWITS) database

* Engineering design drawings

* Historical aerial photographs

" Physical walk downs of the areas

" Aerial radiation surveys

* Geophysical investigations

* Personnel interviews

Solid Waste Information and Tracking System Database

The SWITS database serves as the information repository for buried solid waste at the Hanford Site.
SWITS include a wide range of data fields including waste generator, waste container type, waste
disposal locations/coordinates, waste volumes, contaminant inventory, etc. The SWITS database was
queried October 27, 2009, for the presence of any buried waste information associated with the footprint
of each of the respective unused landfill areas.

Engineering Design Drawings

Similar to other structures on the Hanford Site, engineering drawings exist for landfill facilities.
The 200 Area facilities are documented on drawings beginning with an H-2 prefix. Drawings for landfills
provide specific location coordinates for the facility boundaries and locations of buried waste trenches
and other features. Engineering drawings reviewed for this investigation included the following (provided
in Appendix A):

* 218-W-4C Landfill Annex (southeastern addition to 218-W-4C)- drawing 11-2-37437. Drv Waste
Burial Ground 218-W-4C; drawing H -2-821555. Sheet 8. Subsidence Drawing Burial Ground
218-W-4C

* 218-W-6 Landfill - drawing H-2 -99933, Sheet I and Sheet 2. Dry Waste Burial Ground 218-W-6

* 21 8-E -10 Landfill Annex (northern addition to 218-E-10)- drawing H-2-92004, Industrial Burial
Ground 218-E-10 Site-Plan and Details (site plan); drawing H-2-821 555. Sheet 4, Subsidence
Drawing Burial Ground 218-E-10; drawing H-2-96660, Sheet 1, East Area Dr Waste Burial Ground

* 218-E-12B Landfill (area west of Trench 37) drawing 11-2-33276, Sheets 5 and Sheet 6, Drv U'aste
Burial Ground 218-E-12B; drawing 11-2-96660, Sheet 2. East Area Dry Waste Burial Ground;
drawing 11-2-821555,Sheet 5 and Sheet 6, Subsidence Drawing Burial Ground 218-E-12B

Historical Aeal Photographs

Aerial photographs that depict each of the areas of interest were reviewed for signs or indication of buried
waste activity The photographs selected for review cover a multi-decade period, typicaly spannig 30 or
more years.

5
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Physical Surface W alk-Downs of Sites

he DOE. Fcology and contractor representatives participated in Field inspections of each of thc areas of

interest. All sites were reviewed to determine if there were an feature on the ground surface that could

sutteest that burial of waste had occurred.

Aerial Radiation Surveys

imagery fronm airborne radiation surveys were reviewed bor any indications thai could suggest the burial

ol waste within the areas of interest.

Surface Geophysical I ivestiatIons

Surface geophysical investigations were conducted on each of the sites from 173 to 1974 to assess the

areas l'or subsurface anomalies. The deployed technologies included ground penetrating radar: 1'reqiienCy

Domain Flectromagnetie Induction (Usinu a (Gconiecs FM 31 'errai 11 Conductivity MIeter 1 ) and total

magnetic field vertical magnetie gradient (using a GConmetrics G-N58( Magnetometerr ( iadionieter 2 ).

Personnel Interviews

Intervi ews were held with key Individuals with Irst-hand and historic p 1e0 s knowledge of the specific

landfll locations. Discussions were held to assess the ueneral history of hese areas and or to help

possibly explain the origin ol any unique surfAce features.

3 Investigation Results for Each Landfill Area

The lbllowine subsetiions proVide a summaryx of the invcstiuratiol esults [oI each of lie respectiVe

landffill areas tf i nt Crest T I e su mumtay I--I eve l I narrati e I r each land i ft a rca ref eren es ad diiionl I dc(a il

and or supporting in fonriat ion that is inClUded in appendices to this report The append ices include tile

bollowing information:

" Appendix A IE;ngineering Drawings

" Appendix B I storie Aerial Photos

" Appendix C Aerial Radiation Survey Images

" Appendix D Surface Geophysical Investigation

3.1 218-W-4C Annex

Conclusions ased on Reviews of SWITS

SWIlS does not include any record of buried waste within the 21- WV-4C Annex area.

Conclusions Based on Reviews of Eneineerinc lrawincs

Engineering design drawings reviewed for the 21 S-W-4C Annex indicated that there wxcrC no buried
waste trenches designed, constructed, or used within this area. Appendix A. Figures A-I series, includes
images of the drawigs reviewed for this investigation.

1 Geonics EM31 is a trademark of Geonics Limited. Mississauga, Ontario, Canada.

2 Geometrics G-858G Magnetometer/Gradiometer is a trademark of Geometrics. Inc-, San Jose, California.

6
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Conclusions Based on Reviews of Historical Aerial Photographs

Aerial photos reviewed for the 218-W-4C Annex support the determination that this area was not used for
burial of solid waste. Images of aerial photographs ranging from 1950s to 1990s were reviewed for this
investigation; examples are included in Appendix B, Figure B-I series.

Conclusions Based on Inspection of Site Surfaces by Physical Walk-Downs

A site physical walk-down was conducted on October 26, 2007 and again with DOE and Ecology staff on
August 6, 2008. Both inspections identified miscellaneous debris on the surface of the 218-W-4C Annex.
Surface debris included three piles of soil/asphalt/concrete, sections of a weather tower, polyvinyl
chloride piping with sampling tubes (likely from an abandoned soil vapor sampling experiment), a wood
pallet, and a metal plate.

Conclusions Based on Review of the Aerial Radiation Surveys

The review of aerial radiation survey results from 1973 to 1974 did not reveal any sources of
contamination that originated from the 21 8-W-4C Annex area. Appendix C provides images of the
radiation survey results that include the 218-W-4C Annex area.

Conclusions Based mn Sur-Face Geophysical lnvest igat ions

Surface geophysical investigations did not identify the presence of any buried waste or trench-like
features at this site. Appendix D provides further detail on the geophysical investigation for this site.

Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not result in any information that suggests that
waste has been buried in the 218-W-4C Annex area.

3.2 218-W-6 Annex

Conclusions Based on Reviews of SWITS

SWITS does not include any record of buried waste within the 218-W-6 site.

Conclusions Based on Reviews of Enuineering Desizn Drawings

Engineering design drawings reviewed for the 218-W-6 indicated that there were no buried waste
trenches designed, constructed, or used within this area. Appendix A, Figures A-2 series, includes images

of the drawings reviewed for this investigation.

Conclusions Based on Reviews of Historical Aerial Photographs

Aerial photos reviewed for the 218-W-6 site support the determination that this area was not used for
burial of solid waste. Images of aerial photographs ranging frot I950s to 1 990s were reviewed for this
investigation; examples are included in Appendix B, Figure B-2 series.

Conclusions Based on Inspection of Site Surfaces by Physical Walk-Downs

A site walk-down was conducted on October 26, 2007 and again with DOE and Ecology staff on
August 6, 2008. The walk-downs did identify miscellaneous debris on the surface of the 218-W-6 site.
Observed surface debris included two sections of wire rope, and several pieces of plywood. In addition,
for purposes of fire protection, most of the area was scraped previously of vegetation. The scraped debris
(comprised of soil aid sagebrush) has been mounded into about seven tall piles.

7
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Conclusions Based on Revijew of the Aerial Radiation Surveys

The review of aerial radiation survey resuts from prior ywars did not reveal any sources of contamination

that oricinated from the 2 18-NW-6 area. Appendix C provides images of the radiation survey results that

include the 21 S-W-6 site.

Concluions Bsed o Surlace Geophysical Investigations

Surface geophysical in estigations did not identify the presence of any buried waste or trench-like

features at this site. Appendix D provides further detail on the geophysical investigation fr 01is site.

Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not resul in any information that suggests that
waste has been buried in the 218-W-6 area.

3.3 218-E-10 Annex

Conclusions Based on Reviews of SWITS

SWITS does not include any record of buried waste within the 218-E-1) Annex area.

Coiicusions Based on Reviews of Enuineerino Design Drawines

Enuineering drawings reviewed for the 218-E-10 Annex indicated that there were no buried waste

trenches designed, constructed, or used within this area. Appendix A. Figures A-3 series, include images
of the drawings reviewed or this investigation.

Conclusions Based on Reyiews of I istorical Aerial Photographs

Aerial phoios reviewed kw tie 2 1 S-I-0 Annex support the determination that this area was not used lor
burial of solid waste. Images of aerial photographs rangiig from 1950s to 1990s were reviewed for this
investigation: examples are included in Appendix B, Figure B-3 series.

(OlejsiOis Based on Iisetion f Site Surfaces via Phvsical Walk-downs

A site walk-down was conducted on October 26, 2007 and again with IX)E and Ecoloy stall on
AUuist 6. 2ttO& The walk-downs did identify miscellaneous debris on the surface of the 21 8-F-I 0 Annex

area. Obser ed surface debris included a small area (A ni P 11 ft ]) section of concrete slag tikely from
construction of a nearby well). and seven approximately 05 m (t ft) -long sections of metal pipine

laying on the surface or and partially inserted into tie surface soil, a steel bar and a steel whel,

Conclusions Based on Reviex of the Aerial Radiation Surx evs

'[he reviexw of aerial radiation survey results from prior years did not reveal any sources of contamination

that oniinated from the 21 8-E-1 Annex area. Appendix C proxides images of the radiation suryey'

resuls that include the 21-E-1 0 area.

(hnclusions Based on Surfce Giophvsieal lnxest iati0ns

Surfhce geoptysical investigations did not identif' the presence of' aly uried naterials or trench-Iike
features at this site wit the exception of an anomaly that is approxinately 10 21 m (33 x 05 1) i1 area
centered about N1 377( and E572990. Ground-penetrating radar data indicate that this area likely
contaiis stalloxx scattered material from 0.3 to 1.0 m (1 to 3.3 ft) below the surfhce. Appendix I

provides further details about the geophysical imesttat ion hir this site.

8
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Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not result in any information that suggests that
waste has been buried in the 218-E-10 Annex area.

3.4 218-E-12B (Area West of Trench 37)

Conclusions Based on Reviews of SWITS

SWITS does not include any record of buried waste within the western portion of the 218-E-12B site.

Conclusions Based on Reviews of Engineering Design Drawings

Engineering design drawings reviewed for the 218-E-12B landfill indicated that there were no buried
waste trenches designed, constructed, or used west of Trench 37. Images of the drawings reviewed for
this investigation are included in Appendix A, Figures A-4 series.

Conclusions Based on Reviews of Historical Aerial Photographs

Aerial photos reviewed for the western region of the 218-E- 12B site support the determination that this
area was not used for burial of solid waste. Images of aerial photographs ranging from 1950s to 1990s
were reviewed for this investigation; examples are included in Appendix B, Figure B-4 series.

Conclusions Based on Inspection of Site Surfaces by Physical Walk-Downs

A site walk-down was conducted on October 26, 2007 and again with DOE and Ecology staff on
August 6, 2008. The walk-downs did identify miscellaneous debris on the surface of the 218-E-10 Annex
area. Observed surface debris included a small area (<1 m2 [I I ft2]) section of concrete slag and a steel
cable.

Conclusions Based on Review of the Aerial Radiation Surveys

The review of aerial radiation survey results from prior years did not reveal any sources of contamination
that originated from the 218-E- 1 2B area. Appendix C provides images of the radiation survey results that
include the 218-E-12B area.

Conclusions Based on Surface Geophysical Investigations

Surface geophysical investigations did not identify the presence of any buried waste or trench-like
features at this site. Appendix D provides further detail on the geophysical investigation for this site.

Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not result in any information that suggests that
waste has been buried in the western region of the 218-E-12B site.

4 Conclusions

Based on the investigations summarized in the previous sections of this report, there is no evidence of
solid waste being buried in the the 218-W-4C Annex, the entire 218-W-6, and the western portion of the
218-E-12B Landfill. Furthermore, the decision to move the 218-W-6 landfill from the 200-SW-2 OU into
the 200-OA- 1 OU was based on the understanding of the Tri-Parties that this landfill has never been used.

There is one exception to the otherwise benign character of the 218-E-10 Annex as described in
Section 3.4. This subsurface anomaly can be seen as a surface expression on the 1954 aerial photograph.

9
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Operations of the 218-E-10 landfill (southern portion) did not begin until 1955. The northern portion of
218-E-10 (the 218-E-10 Annex) is documented as never having been used for waste disposal.

Removal of these four landfill areas from further remedial investigation could be accomplished using
RL-T PA-90-0001, 2007, Ti-Port' Agreement handbook Management Procedures, Guideline Number
TPA-MP-14 Procedure, "Maintenance of the Waste Information Data System (WIDS)" to reclassify these
unused areas as rejected waste sites. This process would allow for documentation of the conclusions
reached in this report.
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Appendix A

Engineering Drawings

The following pages include images of the engineering design drawings that were reviewed as part of this
investigation.
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Figures A-1. Engirneerng Drawing H-2-37437 of the 218-W-4C Landfill
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Figure A-2- Engineering Drawing H-2-821555 of the 218-W-4C Landfill
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Figure A-3. Engineering Drawing H-2-99933 of the 218-W-6 Landfill
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Figure A-4. Engineering Drawing H-2-99933 of the 218-W6 Landfill
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Figures A-5. Engineering Drawing H-2-92004 of the 218-E-10 Landfill
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Figure A-6. Engineering Drawing H-2-821555 of the 218-E-10 Landfill
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Figure A+B. Engineering Drawing H-2-33276 of the 218-E-12B Landfill
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Figure A9. Engineering Drawing H-2-33271 of the 218--128 Landfill
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Figure A-11. Engineering Drawing H.2-821555 of the 218-E-12B Landfill
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Figure A-12. Engineering Drawing H-2-96660 of the 218-E-12B Landfill
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Appendix B

Historical Aerial Photos

The following pages include examples of the historical aerial photographs that were reviewed as part of this investigation.
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Figure B-1 Series -- Photographic Chronology Documenting Unused Area of
218-W-4C
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Figure B-1. Aerial Photo, Dated 1956, of 218-W-4C (boundaries are approximate)

nused Portin oi f I andtIl1 21 -W-4('

Figure B-2. Aerial Photo, Dated 1962, of 218-W-4C (boundaries are approximate)
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Figure B-3. Aerial Photo, Dated 1962, of 218-W-4C (boundaries are approximate)

Figure B-4. Aerial Photo, Dated 1973, of 218-W-4C (boundaries are approximate)
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Figure B-5. Aerial Photo, Dated 1975, of 218-W-4C (boundaries are approximate)

Figure B-6. Aerial Photo, Dated 1980, of 218-W-4C (boundaries are approximate)

B-3



SGW-48278, REV. 0

Figure B-7. Aerial Photo, Dated 1988, of 218-W-4C (boundaries are approximate)

Figure B-8. Aerial Photo, Dated 2006, of 218-W-4C (boundaries are approximate)
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Figure B-2 Series. Photographic Chronology Documenting Unused Landfill 218-W-6

Figure B-9. Aerial Photo, Dated 1969, of 218-W-6 (boundaries are approximate)

Figure B-10. Aerial Photo, Dated 1971, of 218-W-6 (boundaries are approximate)
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Figure B-11. Aerial Photo, Dated 1975, of 218-W-6 (boundaries are approximate)

Figure B-12. Aerial Photo, Dated 1980, of 218-W-6 (boundaries are approximate)
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Figure B-13. Aerial Photo, Dated 1988, of 218-W-6 (boundaries are approximate)

Figure B-14. Aerial Photo, Dated 2006, of 218-W-6 (boundaries are approximate)
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Figure B-3 Series. Photographic Chronology Documenting Unused Areas of Hanford
Landfills

Figure B-15. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1954 (boundaries are approximate)

Figure B-16. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1966 (boundaries are approximate)
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Figure B-17. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1969 (boundaries are approximate)
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Figure B-18. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1975 (boundaries are approximate)

Figure B-19. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1982 (boundaries are approximate)
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Figure B-20. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1988 (boundaries are approximate)
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Sopsoil removal for

use in other projects I

I

Figure B-21. Aerial Photos of 218-E-10 (top) and 218-E-12B (bottom), Dated 1996
(boundaries are approximate)
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Figure B-22. Aerial Photo of 218-E-10, Dated 2006 (boundaries are approximate)

Figure B-23. Aerial Photo of Unused Portion of 218-E-12B, Dated 2006 (boundaries are approximate)
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Appendix C

Aerial Radiation Survey Images

The following pages include images of acrial radiation survey results (hat were rcvicwed as part of this
investigation.
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C1 200 West Area - Aerial Radiation Measurement System Results

?r

Figure C-1. 200-West Concentration and Gamma Exposure Rate Isopleths for ' Cs (EGG-1183-1661)

Figure C-2. 200 East Isopleth Map of Total Gamma Ray Count Between 50 keV and 3 MeV (EGG-1183-1661)
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Figure C-3. 200 East Concentration and Gamma Exposure Rate Isopleths for 137 Cs (EGG-1183-1661)

Figure C-4. 200 East Isopleth Map of Total Gamma Ray Count Between 50 keV and 3 MeV (EGG-1183-1661)

C2 Reference

EGG- 1183-1661, 1975, An Aerial Ratdiological Survey o/ the US. Energy Research and Development
Adminisiration's Ifantordl Reservation (Survey Period: 1973-1974), EG&G Energy
Measurements, Inc., Las Vegas, Nevada.
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Appendix D

Surface Geophysical Investigations
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D1 Introduction

This document summarizes the results of geophysical investigations conducted at four unused burial
ground areas located within the 200 East and 200 West Areas of the Hanford Site. The geophysical
investigations were performed by Washington Closure Hanford (WCH) for Fluor Hanford, Inc., (Fluor
Hanford) during July, August, and September 2008. The geophysical techniques used in the
investigations were ground-penetrating radar (GPR), electromagnetic induction (EMI), and total magnetic
field (magnetic) methods.

D1.1 Scope and Objectives

The following burial grounds were investigated:

* 218-E-l0 Annex

* 218-E-12B (Western Portion)

* 218-W-4C Annex

* 218-W-6

The geophysical surveys were reconnaissance-type surveys that were aimed at verifying the unused status
of the landfill areas. However, if large, i.e., dump truck size, anomalies or those consistent with a
55-gallon drum were interpreted from the data, then determination of the following characteristics were to
be attempted:

* Locations of buried anomalies

* Characteristics of detected anomalies (metallic versus non-metallic)

" Depth of soil cover above the anomaly

D1.2 Background

Characterization of waste placed in 200 Areas burial grounds is being performed to evaluate waste site
conditions and to evaluate remediation alternatives to support cleanup/closure under the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980. The waste sites addressed in this
report are included in the 200-SW-2 Radioactive Landfills Operable Unit.

An initial phase of geophysical investigations was performed at eight burial grounds waste sites in 2005
and documented in D&D-28379, Geophysical Investigations Summary Report: 200 Area Burial Grounds:
218-C-9, 218-E-2A, 218-E-5, 218-E-5A, 218-E-8, 218-W-JA, 218-W-2A, and 218-W-I1. Data from these
previous investigations indicated that three of the eight burial grounds investigated (218-E-2A, 218-E-8,
218-W-1 1) may have areas where the burial trenches extend beyond the areas initially surveyed.

A second phase of geophysical investigations was conducted during June 2006. This activity is
documented in D&D-30708, Geophysical Investigations Summary Report: 200 Areas Burial Grounds:
218-E-1, 218-E-2A, 218-E-8, 218-E-12A, 218-W-1, 218-W-2, 218-W-3, and 218-W-11. The second phase
of geophysical investigations was directed at resolving the potential discrepancies at the 218-E-2A,
218-E-8, and 218-W- II landfills and also included geophysical investigations at five other, older and
inactive landfills (218-E-1, 218-E-12A, 218-W-1, 218-W-2, and 218-W-3).
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A third pphase of geophysical investigations was performed in 2009 and documented in SGW-43771,
Geophysical Investigations Summary Report - 200 Area burial Grounds: 218-E-2, 2 1 8-E-4, 218-E-9 and
218-W-4A. This effort included the remainder of the 200-SW-2 OU landfills that operated prior to 1970.

Large areas of 218-W-4C, 218-E-10, and 218-E-12B were once intended for future buried waste, but are
believed to have never been used. Additionally, the entire 218-W-6 landfill area is believed to never have
been used. These potentially unused landfill areas account for approximately 60 ha (150 ac). The current
investigation, as described in this report, was designed to determine the unused status of these large areas.

D1.3 Geologic Setting

The depth of investigation for the geophysical instruments used in this work was generally limited to
approximately 3 to 4 m (10 to 13 ft). Therefore, only the shallowest aspects of site geology are pertinent
to this investigation. Those aspects of the site geology are the Hanford formation and the surticial
sediments.

The Hanford formation is the shallowest geologic formation recognized at the Hanford Site and consists
of deposits of poorly sorted gravels and coarse sands indicative of a high-energy depositional
environment. The surficial sediments overlying the Hanford formation are primarily colian loess
interspersed with lenses of sand and mixed gravels.

WI IC-SD- EN - F-004, Revised Stratigraphrv/w the Ringold hormation, Han/>rd Site, South-Cent ral
Washington presents a comprehensive summary of the geology of the Hanford Site.

D2 Methodology

D2.1 Survey Grid Parameters

Fluor Ilanford provided site drawings to WCH to develop base grids at each site. Using the drawings,
WCH determined Washington State Plane coordinates (NADS3, North American Datum of 1983, as
revised) to create base grids with 30 m (98 t) nodes, extending to or beyond the documented site
boundaries. The grid nodes were intentionally chosen to be at state plane coordinates ending at the nearest
even 10 m (33 ft) increment. The state plane coordinates were given to Fluor Hanford civil survey
personnel who used global positioning system (GPS) instrumentation to stake the base grids in the field.
Survey reports for each of the four survey areas are included in Attachment Dl. WCH personnel then
marked data collection lines at 6 m intervals between the 30 m (98 ft) nodes, using fluorescent pin flags.

Operators used the fluorescent pin flags to "dead-reckon" data collection along and in between the
marked lines. Data positioning along the lines was accomplished by careful pacing or by marking 30 m
(98 ft) fiducials, depending on the instrument. In areas of significant sagebrush, real-time GPS guidance
was used to maintain profile spacing.

The geophysical data plots are presented in Washington State Plane Meters.

D2.2 Geophysical Methods

The geophysical techniques used in the investigations were the EMI, total magnetic field, and GPR
methods. These methods were selected because they are cost effective and nonintrusive and have been
successful in similar waste characterization projects conducted at the Hanford Site.
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D2.2.1 Frequency-Domain Electromagnetic Induction

The Geonics EM31 Terrain Conductivity Meter1 is a frequency domain EMI instrument that is designed
to measure the apparent electrical conductivity of soil and to detect ferrous and nonferrous metal objects
to a depth of approximately 3 to 4 m (10 to 13 ft) (in ideal situations). The EM3 1 meter consists of a
transmitter coil and receiver coil at either end of a 4 m (13 ft)-long boom. The transmitter generates
pulses of electromagnetic (EM) energy (the primary field) at regular intervals, which are transmitted into
the ground, where they induce eddy currents in electrically conductive material (soil and/or metal
objects). The induced eddy currents generate their own EM field (the secondary field), which transmits
back toward the instrument. The receiver coil on the EM3 1 meter measures and records the strength of the
secondary field both in phase and out of phase with the primary field transmitter. The in-phase component
of the measurement is most strongly influenced by the presence of metallic objects in the subsurface,
while the out-of-phase component (quadrature component) is directly related to the electrical conductivity
of the surrounding soil.

The in-phase component reading is given in parts per thousands of the amplitude of the secondary signal
to the primary signal. The out-of-phase component reading is given in units of electrical conductivity
(millisiemens per meter [mS/m]), which is the apparent conductivity of the soil near the instrument,
assuming homogeneous conditions. This assumption becomes less valid in the presence of metal or other
significant conductivity changes. However, the contrasts in conductivities are used generally for
interpretation, not the absolute values, so the validity of the assumption usually is irrelevant.

The EM31 meter is an ideal instrument for waste site characterization because of the relative speed and
ease with which it can cover an area. The normal mode of operation is to mark out regularly spaced data
collection lines and then walk down the lines with the instrument held at hip height, collecting data at
regularly spaced intervals. Both the in-phase and out-of-phase (terrain conductivity) measurements are
collected and plotted for analysis. The instrument is most useful for locating large concentrations of
buried metallic objects and for detecting subtle shifts in background soil properties. While the EM31
meter is capable of detecting drum-size metallic objects to a depth of 3 to 4 m (10 to 13 ft) in ideal
situations, the lateral resolution of the position of detected objects is about 1 m (3 ft).

Conditions that limit the detection capability of the EM31 meter include high-background soil
conductivities and proximity to cultural interference such as buildings and fences. High soil conductivities
have the effect of limiting the depth of investigation of the instrument, because they significantly
attenuate the propagation of the primary and secondary fields. (This same phenomenon limits GPR depth
of investigation in areas of high soil conductivity.) Large, metallic surface cultural features can effectively
swamp the signal of the EM31 meter out to a distance of approximately 5 to 7 m (16 to 23 ft). Sites with a
significant number of buried utilities also may generate data that are difficult to interpret.

D2.2.1.1 EM31Data-Collection Procedures

Geonics, 1994, EM31 Terrain Conductivity Operating Manual discusses data collection procedures in
detail. The EM31 meter has the following specific key data collection and processing attributes:

* Perform functional checks as outlined in the manufacturer-supplied operator's manual. A functional
check was performed each day at a specific location having a geophysically quiet background. These
checks were documented and recorded electronically.

Geonics EM31 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.
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* Collect the data along profiles that are spaced a predetermined distance apart. The data are then
typically collected along the individual profiles at evenly spaced distances, either discretely or at
constant time intervals, while walking at a constant rate.

* Estimate visually, pace the location of data points, and/or use (PS guidance to collect between
surveyed grid points.

D2.2.1.2 EM31 Data-Processing Procedures

The FM3 I meter has the following specific data processing parameters:

* Edit the data for mislabeled lines, view in raw form along each profile, and convert to XYZ.dat files.

Contour the data with the grid nodes at near the actual data points (with close-spaced data) using
Golden Software's Surfer 2 or equivalent.

D2.2.2 Total Magnetic Field / Vertical Magnetic Gradient

A magnetometer measures the intensity of tie earth's magnetic field. The presence of ferrous material,
manuathctured or natural, creates local variations in the strength of the earth's overall magnetic field.
These variations are proportional to several factors, including the mass of the ferrous material and the
distance between the ferrous material and the detector. The distance is significant, because it changes the
response by a factor of one over the distance cubed. The primary measurement is the total magnetic field
(TM F) intensity. The TMF is a summation of all of the magnetic variables around the sensor. When the
ferromagtnetic sources are close to the detector, large variations in the TMF can occur. Therefore, it oftien
is difficult to differentiate individual anomalies based on the TMF alone.

To improve the resolution of a magnetic survey, the vertical magnetic gradient also can be measured. This
is accomplished by making two simultaneous TMF measurements at each data point, using two sensors
separated by a fixed vertical distance. The difference between the two measurements is the vertical
magnetic gradient (hereinafier referred to in this document as the magnetic gradient). The response to
ferrous material falls off at a rate of one over the distance to the fourth power. Because of this, the
magnetic gradient measurement should help differentiate individual anomalies and waste boundaries
better than the TMF alone. Both the TMF and the magnetic gradient values typically are displayed on
contour maps for analysis.

2 Surfer is a trademark of Golden Software, Inc, Golden, Colorado,
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A Geometries G-858G Magnetometer/Gradiometer 3 consists of two cesium vapor magnetometers.
The magnetometers are mounted vertically on a pole with a 0.75 m (2.5 ft) separation. This configuration

is used to collect vertical gradient data. Each magnetometer independently records the total field magnetic
intensity. The gradient measurement is the difference in the total field measurements between the two

sensors. In essence, a single recording location consists of three values: a total field measurement from

the upper sensor, a total field measurement from the lower sensor, and the magnetic gradient value.

Three types of errors occasionally occur during data collection with the G-858G magnetometer/

gradiometer. The first type of error is a consequence of the cesium sensors being insensitive to magnetic
fields in certain orientations, creating "dead zones." To reduce this error, each sensor was oriented to a
position that would minimize dead-zone readings. The second type of erroneous reading occurs when a
recording is taken too close to a magnetically sensitive ferrous feature. This can result in a "null" reading.
The bottom sensor typically is more sensitive to null readings, because it usually is the closest to
magnetically sensitive ferrous objects. The third type of error is caused by poor connections between the
sensors and the control unit.

Geometrics equipment provides some safeguards against these errors: an audio warning and a visual

warning. The audio warning often is ineffective in noisy areas. Monitoring the data visually also has its
limitations because of sun glare on the control unit screen. When erroneous readings are identified in the

field, those data points typically are edited and re-collected. If they are not identified in the field, they can
be noted during the data-reduction phase and can be edited at that time. If a null reading is recorded on
either sensor, the gradient data are erroneous and also must be edited. The editing during data reduction

typically has minimal effect on the results because of the close spacing of the individual data points.

D2.2.2.1 Magnetic Data-Collection Procedures

The document 25309-OM, G-858 MagMapper, Rev. D, discusses data collection procedures in detail.

The G-858G magnetometer/gradiometer has the following specific key data collection attributes:

* The cesium vapor magnetic sensors need to warm up before data collection begins at each site.
The warming up of the sensors is monitored on the control unit.

* Functional checks were performed as outlined in the manufacturer-supplied operator's manual.
Functional checks were performed each day at a specific location (the same location used for the
EM31 functional checks) having a geophysically quiet background. These checks were documented
and recorded electronically.

* Data typically are collected along profiles spaced a specified distance apart. The data are collected
along the individual profiles at evenly spaced distances, either discretely or at constant time intervals,
while walking at a constant rate. GPS guidance was used for the western half of the 218-W-4C Annex
due to the "old growth" sagebrush.

D2.2.2.2 Magnetic Data Processing Procedures

Specific data-processing procedures are as follows:

* Download the magnetic field data to a laptop computer via Geometrics software, MagMap2000 4

3 Geometrics G-858G Magnetometer/Gradiometer is a trademark of Geometries, Inc., San Jose. California.

4 Geometries MagMap2000 is a trademark of Geometries, Inc., San Jose, California.
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* Fdi the data with all null readings (sensor null readings) renioved from the data.

* Convert the data files to XYZ.dat format, which is compatible to (iolden Software's Surfer or
equivalent.

" Contour the data using "standard" contour packages such as Surfer software. Two types of contour
maps were the fotindation for interprctation.

* Magnctic field apparent vertical gradient: The absolute value of the difference between the top and
bottom sensor reading. This valie primarily reprcsents discrete, shallow anomalies.

* Top sensor residual: Statistics were run for top sensor rcadings (the top sensor is less affected than the
bottom sensor by small ground surface debris) and the mean value determined. This value (about
54,0( nanoteslas [nTi) was then subtracted from the total sensor rcadi ng to produce values more
conducive to contouring in order to better show subtilc anomalies.

D2.2.3 Ground-Penetrating Radar

Ground-pcnetrating radar uses a transducer to transmit frequency modulation (FM) [EI energy into the
ground. Interfaces in the ground (defined by contrasts in dielectrie constants, magnetic susceptibility, and,
to some extent, electrical conductivity) reflect the transmitted energy. The GPR system then measures the
travel time between transmitted pulses and the arrival of retlected energy. Buried objects (such as pipes,
barrels, foundations, wires) can cause all or a portion of the transmitted energy to be reflected back
toward a receiving antenna. (eologic features such as cross-bedding, lateral and vertical changes in soil
properties, and rock interfaces also can cause reflections of a portion of the FM energy.

The dielectric constant and magnetic susceptibility of the medium primarily controls the velocity of the
FM energy. For calculating depth, values of EM velocities are determined by measurement, experience in
an area, ties to known buried reflectors, and knowledge of the subsurface medium.

The effective depth of investigation is a function of the transmitted power, receiver sensitivity, frequency
of the antenna, and attenuation of the transmitted energy from the geologic mCdium. The maximm depth
of investigation nay vary significantly because of changing soil conditions. H igh attenuation and,
therefore, smaller penetration depths of the FM energy typically occur where the soil conductivity is
greater than I) mnS/ andLor in areas with numerous reflective interteces. Depth of investigation also is
affected by highly conductive material, such as metal drums or pipes, which essentially reflects all the
energy. The method cannot "see" directly below areas of highly reflective material, because all of the
energy is reflected,

The reflected energy provides the means for mapping the subsurface features of interest, whether
synthetic or geologic. Display and interpretation of GPR data are similar to that of seismic reflection data
(i.e., data displayed as horizontal distance versus time depicting pseudo cross-sections of the earth). Whet
numerous adjacent profiles are collected, often in two orthogonal directions, a plan-view map showing the
location and depth of the detected features can be generated,
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D2.2.3.1 Ground-Penetrating Radar Data Collection Procedures

Generic data collection procedures are discussed in detail in Geophysical Survey Systems, 1993, SIR-/0A
User's Manual. The subsurface interface radar, or SIR-10A 5, has the following specific key data
collection and processing attributes:

* Select the antenna best suited to meet the survey objectives.

" Set the filters, gains, and other data-collection parameters best suited for the local soil conditions.

* Pull the antenna along a series of parallel profiles within the established survey grid, then collect data
along profiles in the orthogonal direction, specifically when mapping unknown linear features in
various orientations.

* Record the data on the system hard drive.

" Conduct post-processing of data if warranted, and print records for interpretation.

* Interpret data using all available historical records, drawings, maps of surface features, and other
geophysical data sets.

For these investigations, GPR data were collected by pulling the antenna by hand.

D2.t3.2 Ground-Penetrating Radar Data-Processing Procedures

Data processing of the GPR data consisted of reviewing of unfiltered data as well as application of
various horizontal filters (as necessary). The horizontal filters, when used, had the effect of removing
coherent noise so that anomalies were more visible in the records. Such noise can often be attributed to
other sources (e.g., interference from internal electronic noise from field equipment, or reflections from
objectes above the ground surface). When filters were used on records, unfiltered data also were used to
give multiple images of the data for interpretation.

D2.3 Approach to Data Collection

Typically, profiles would be oriented perpendicular to the strike of known trenches. However, since the
survey areas are believed to have been unused, there were no preferred directions for profile orientation.
Therefore, the magnetic data profiles were collected along true north-south lines, spaced 3 m (9.8 ft)
apart. The EM31 data were collected along true north-south and east-west orientations, with 6 m (19.6 ft)
profile spacing. These profile spacings and orientations offer the best possibility of detecting anomalies
that would be caused by significant trench or pit contents regardless of anomaly orientation. For the
magnetic field data, recordings were at a constant time interval of 0.3 s, yielding data-point recordings
approximately every 0.3 m (I ft). In the EM31 data, recordings were taken at 0.5 s intervals along each
profile, yielding data-point readings approximately every 0.5 m (1.6 ft). Data were downloaded from the
field instruments daily and reviewed regularly.

Preliminary plots of the EM31 data and magnetic field data were used to screen areas that would warrant
more detailed characterization using GPR. Only two areas required the more detailed GPR investigation,
one at 218-E-10 Annex, and one at the 218-W-4C Annex.

5 SIR-10A is a trademark of Geophysical Survey Systems, Inc, North Salem, New Hampshire.
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The site investigation summaries (Attachment D2) discuss the details of the data collection at each burial
ground.

D3 Results

Figures D1 through D6 display summary-level interpretations of the geophysical data. These
interpretation maps represent an integration of all of the geophysical data and other site information and
engineering drawings, as available.

Attachment D2 presents plots of the FMI and magnetic data collected, along with details of the
investigation at each site, Additionally. Attachment D2 presents surface feature base maps and overlays
between data sets and surface features. The large volume of GPR paper records makes presentation of
these data impractical; they xvill be retained in the 200-SW-2 Operable Unit Project File for reference.

D3.1 Geophysical Data Interpretation

The following paragraphs disIcuss s me aspects of interpreting the different types of geophysical data
collected in this investigation.

EMI data interpretation typically involves looking for horizontal contrasts in readings of the two
components recorded. Absolute amplitude and the rate of change in amplitude also may be analyzed.
These observations are used to identity anomalous locations. Anomalies then are used to infer tile location
of buried objects and/or debris. Comparing the presence of in-phase versus terrain conductivity
(quadrature-phase) anonial ies gives additional information. The in-phase component is significantly more
sensitive to large, discrete mettllie objects than the quadrtture phase. The quadrature phase, in general, is
imore sensitive to long, extended targets such as pipelines and to the overall terrain conductivity.

Magnetic field data are interpreted by identifying contrasts (anomalies) in readings that are indicative of
buried ferrous (iron-containing) metal objects. The locations of the anomalies are used to infer the
location of buried objects or debris. The apparent vertical gradient readings of the total magnetic field are
very useful for discretely identifying shallow anomalies. The top sensor total field readings are useful for
looking deeper and identifying larger anomalous areas. For simplicity of data plotting, the absolute value
of the vertical field often is used to minimize the dipole effect produced by some anomalies. For the total
field plots, the average total field value (typically -54,600 nT for these surveys) is subtracted from the
individual values in order to accommodate detailed contour maps.
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GPR data are interpreted by locating anomalies on the paper data records and then determining their depth
and spatial location. The location and depth of the anomalies are hand plotted onto a map of the site by
the interpreter. A representative number of these anomalies are then digitized in computer-aided drafting
and design software to be plotted on the interpretation map. Because of the large number of anomalies
often interpreted in GPR data, the discretion of the interpreter is used to decide which anomalies are
transferred to the computer-aided drafting and design drawing to indicate the important information about
the site.

D3.2 General Discussion of Results

The geophysical surveys were reconnaissance-type surveys that were aimed at verifying the unused status
of the landfill areas. Geophysical methods, profile spacing, and profile orientation were selected to
support this goal. At all four sites, the EM, and magnetic field data generally exhibit very low amplitude
character. To illustrate the predominately quietlanomaly free nature of the survey areas, the anomalies
that do dominate most of the magnetic field/vertical gradient data are associated with T-posts and metal
survey pin flags, or can be correlated with visible surface features such as well casings. In the event that

unexplained anomalous areas were identified within the survey boundaries, additional characterization
was attempted using ground-penetrating radar and/or more detailed visual field checking for correlations.

D3.2.1 Reliability/Accuracy of the Results

The quality of the geophysical data depends on factors such as soil conditions, topography, accessibility
to the area, and amount of site disturbance by past human activity. Although EMI, magnetic, and GPR

instruments are capable of recording accurate and precise quantitative measurements, the final results of
the investigation are based on the subjective interpretation and understanding of the data. In most cases,
the interpreter is able to assess many factors that affect the reliability of the results and can provide a level

of confidence in the reliability of the results.

Given the reconnaissance nature of the surveys, interpretations were performed with the intent of
determining the boundaries of a given anomaly and representative information about its content and
depth. The interpretation figures do not show all detected anomalies. Locations of objects detected in the

data (i.e., position in the horizontal plane) have a nominal accuracy of +/-1.0 m (3 ft). Where depth to the

top of the anomaly is presented, its accuracy is nominally +/-0.3 m (1 ft).

D3.3 218-E-10 Annex

Numerous small, discrete magnetic anomalies are scattered throughout the data, but most of these appear
to be associated with basalt cobbles/boulders observed on the surface and occasionally attributed to
miscellaneous small pieces of metal scattered throughout the survey area (Figure Dl). The EMI apparent
ground conductivity and in-phase data also indicate an overall quiet background for the entire site.

The notable exception to the otherwise benign character of the site is a subsurface anomaly, centered at
about N 137700 and E572990. GPR data were collected around this area for further characterization.
The GPR data indicate this area likely contains shallow, scattered anomalous debris from 0.3 to 1.0 m

(1 to 3 ft) below the surface over an area 10 to 20 m (33 to 66 ft) across (Figure D2).

D3.4 218-E-12B (Western Portion)

Numerous small, discrete magnetic anomalies are scattered throughout the data, but most of these appear
to be associated with basalt cobbles/boulders observed on the surface and occasionally to miscellaneous

small pieces of metal scattered throughout the survey area (Figure D3). The EMI apparent ground
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conductivity and in-phase data also indicate an overall quiet background for the entire site. No buried
drum or trench-like features were observed in the data.

D3.5 218-W-4C Annex

Several small, discrete magnetic anomalies are scattered throughout the data, but most correlate with
visible surface features/debris (Figure D4). The EMI apparent ground conductivity and in-phase data also
indicate an overall quiet background for the entire site.

The notable exception to the otherwise benign character of the site is an anomalous area, observed in both
the magnetic and EM data, centered at about N 135140 and E566480. GPR data were collected around this
area for further characterization. The GPR data indicate this area contains a few shallow, scattered pieces
of debris, from 0.3 to 1.0 m (1 to 3 ft) below the surface, confined laterally within a few meters
(Figure D5).

No buried drum or trench-like features were observed in the data.

D3.6 218-W-6

Numerous small, discrete magnetic anomalies are scattered throughout the data, but many of these appear
to be associated with basalt cobbles/boulders observed on the surface and to miscellaneous small pieces
of metal, wire rope, etc. scattered throughout the survey area (Figure D6). The "anomalous" signature
along the southwestern edge of the survey area is from a railroad track and the large anomaly, centered at
about N137510 and E567195 is the drill pad/rig location. The EMI apparent ground conductivity and
in-phase data also indicate an overall quiet background for the entire site. The southern portion of the
survey area appears to have the highest amount of surface/near surface metallic debris.

No buried drum or trench-like features were observed in the data.

D4 Software Problem Reporting and Validation and Verification Information
WCI I Currently maintains a quality management system that is compliant with the quality standards
described in International Standard ISO 9001:1994, Quality Management Systems-equiremenis.
This quality management system also is designed to meet similar quality system requirements specified in
corresponding AN SL AS ME NQ A-1, Qualit'y Assurance Requirementsf6r Nuclear Facilitv Applications,
Basic Requirements sections. Furthermore, the WCH Quality Management System also is designed to
comply with the 10 quality assurance criteria specified in the DOE Order 414. IC, Qua//tY Assurance,
implementation of 10 CFR 830, "Nuclear Safety Managcment," Subpart A, "Quality Assurance
Requirements."

In accordance with the statement of work, the following sections discuss the process that was in place for
reporting problems that could have been encountered with software. In addition, the section presents the
method used to document the validation and verification of software used to perform calculations. Note
that no errors or problems were observed with the software used for this project. No nonconformance
reports were generated.

D4.1 Software Problem and Error Reporting

A WCH1-approved internal work process describes identifying, controlling, documenting, and
dispositioning nonconforming items or items of indetenninate quality discovered during WCI I personnel
performance of on-site work activities. This process applies to all WCH activities and personnel.
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The primary objective of this process is to prevent the unintended use or further use of products that fail
to pass required inspections. Four broad phases used to control a nonconforming item are: (1) identifying
and documenting nonconforming items, (2) segregation, (3) dispositioning and implementation of
disposition instructions, and (4) closing nonconformance reports.

D4.2 Validation and Verification Information

D4.2.1 Software Information

Title: Surfer 6

Manufacturer:

Function:

Operating System:

Calculations
Performed:

Version: 8.08, October 31, 2007

Golden Software, Inc., Golden, Colorado

Surface Mapping System

Microsoft Windows XP 2002 Professional, Version: 5.17

Calculates and outputs a contoured grid from regularly spaced
data values

D4.2.2 Validation and Verification

Validation is the process of confirming the appropriateness of using software for the purpose to which it
is being applied. Verification is the process of confirming the correctness of the output of the software.
To verify that the software used on this project produced correct results, input parameters and conditions
similar to those used in the project were generated.

To demonstrate proper contour calculation and placement, a regular grid of arbitrary numbers was created
and subsequently processed by the software. The numbers were posted on a map, and the contour
intervals were superimposed over the numbers. The contour placement then was examined. The analysis
indicated that the software performs correctly under conditions similar to those used on this project.
Attachment D3 presents the entire data file and a brief summary of the test and its outcome.

6 Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

7 Windows XP 2002 Professional is a trademark of Microsoft Corporation, Redmond, Washington.
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Attachment D1

Geophysical Grid Staking Survey Data Reports
Information is provided on the primary grid node staking that was used for location control.
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218-E-12B (Western Portion) Geophysical Grid
Staking Survey Data Report
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Rqloet No
SURVEY DATA REPORT

Projccl No, Titlc: File No.
218-E-12B Geophysical Grid Staking 2UWA061

Job No. Prepared By paar [evi er
MUIlNF123470 - 001 ()-CAI0 NP, Fastabend O2O

DESCR PTIONOFWORK DISTRIBUTIM J SDR I ( T )WG

Staked 30 meter griid at coordinates provided over west portion of21842-I- 23 , FrIe OR
Urialmund. Set 318" x 1 1.2" x4g Wood Lath with rainted orange tops or B A Atkinson

paint mark on asphalt road end iarked with coordinates.

Horizontal Coordinate Sytem: WC"tY9S 1 (Metcrs) JXCnmann

Equipment Used: Trimble UPS 5800 RTK . Mitche

SURVY RF StJ I -TS A)ND COMM FNTS

See Attached Grid Sketch and Coordinate its

N(T l 'his Srvry was peroruted under the utpeivsion ofa Licensed Protessional Land Surveyor
registered in Pe State of Washineton.

V -N w-'2O V"tr jIqrA
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Pt. No. E0s5(ng Northin2 site

612 574180 137750 218-W-128
613 574180 137720 218-W-120
614 514180 137690 218-W-128
815 574180 137660 218-W-128
616 574180 137630 218W-128
617 574180 137600 218-W-12B
618 574180 137570 218-W-12B
619 574180 137540 218-W-128
620 574180 131510 218-W-12B
621 574180 137480 218-W-129
822 674180 137450 218-W-128
823 574180 137420 218-W-128
624 574180 137390 218-W-128
625 574180 137360 218-W-128

626 574180 137330 218-W-128
627 574180 137300 218-W-128
628 574180 137270 218-W-128
629 5741W0 137240 218-W-126
630 574210 137210 218-W-12B
631 574210 137240 218-W-126
632 574210 137270 218-W-12B
633 574210 137300 218 W- 128
634 574210 137330 218-W-12B
635 574210 137360 218-W-12B
636 574210 137390 218-W-12B
637 574210 137420 218-W-12B
638 574210 137450 218-W-12B

639 574210 137480 218-W-126
640 574210 137510 218-W-12B
641 574210 137540 218-W-12B
642 574210 137570 218PW-128

643 574210 137600 218EW-12B
644 574210 137530 218-W-128

645 574210 137660 218-W-12B
646 574210 137690 218-W-12B

647 574210 137720 218-W 12B
648 574210 137750 218-W-12B
649 674240 137750 218-W-12B
650 574240 137720 218-W-12B
651 574240 137690 218-W-12B
652 574240 137660 218-W-12B
653 574240 137630 218-W-12B
654 574240 13/600 218-W-12B
655 574240 137570 218-W-12B
656 574240 137540 218-W-12B
657 574240 137510 218-W-12B
658 574240 137480 218-W-12
659 574240 137450 218-W-12B
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660 574240 137420 218-N-12B
861 574240 1373 218-W-'26

62 5/424.0 13/360 218 012
663 574240 137330 218-W12B
64 5/4240 13/300 218-W-128

665 574240 137270 2181W-13
66 574240 137240 21181W-12t
667 574240 137210 218-W-12B
66 9 5742'S 137180 238-W-12B
666 /42/0 137210 218-W-12B

0/C 574270 137240 38W-12S
6/1 574270 137270 218-W 2B
672 374270 137300 218-W-12b
672 6742/6 13/330 218-N-12B
6/4 5/4210 137360 218W-12B
575 574270 137390 218 W 12B
076 574270 137420 218-W-12B

'77 57427 137450 218-W-12B
678 542/ 1344, 0 218W 120
879 5/42/0 137510 218 W128

6 16 5/42/0 137540 218-WN-123
681 5,42/0 137670 218 W 12
682 574270 13700 218-W-14;1

83 6/42/C 137630 218 W- 12B

684 6/42/0 137680 218-W4-12B3
685 3/4270 137697 218-W4-128
388 574470 137720 218 W 128

887 574270 13/750 21SJW-128
688 574360 137/S 218-W4 12

059 574360 137/20 218-W-C2B
860 574350 12/890 218-W 178

851 57436(1 13/580 218-W4-126
892 5/1360 13/830 28W 2

663 6/4300 13/800 21 8-W4-120
694 5/4300 137573 1---2

895 5/4300 137540 218-14128
805 574300 137516 218-W4-128

897 574300 137480 2181W 12R

608 5/4380 137450 218-W4-20

69 5/4300 137420 216-W4-28

700 574300 137360 2181W-128
701 574306 137350 218-W4-1211

782 5/4316 13/330 218 W-121
703 574300 13230 218 W 1213

704 574368 13/2/0 718 W4-1213

705 574300 237243 214 -128

c06 574300 137210 218 W 121
707 57434 0 13/S$ 2181W-128
708 6/4330 137"70 2 18-W-123

/09 574330 137210 218-7V-128
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574330
574330
574330
574330
574330
574330
574330
574330
574330
574330
574330
574330
574330
574330
574330
574330
574330
574330
574360
574365
574360
574360
57436D
574360
574360
574360
574360
574360
574360
574360
574360
5/4360
574360
574360
574360
574360
574360
574360
574360
574390
574390
574390
574390
574390
574390
574390
574390
574390
574390
574390

137240
137270
137300
137330
137360
137390
137420
137450
137480
137510
137540
137570
137600
137630
137660
137690
137720
137750
137/50
137720
137690
137660

137630
137600
137570
137540
137510
137480
137450
'37420

137390
137360
137330
13730D
137270
137240
137210
137180
137150
137150
137180
137210
137240
137270
137300
137330
137360
137390
137420
137450
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218-W-121
218-W-12B
218-W-128
218-W-121
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-125
218-W-1 28
218-W-12B
218-W-1 2B
218-W-12B
218-W-128
218-W-12B
218-W-126
218-W-1 2B
218-W-12B
218-W-12B
218-W-128
218-W-128
218-W-126
218-W-1 2B
218-W-12B
218-W-12B
218-W-1 2B
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-128
218-W-128
218-W-12B
218-W-126
218-W-12B
218-W-12B
218-W-128
218-W-12B
218-W-12B
218-W-12B
218-W-128
218-W-128
218-W-2B
218-W-12B
218-W 12B
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760 574390 137460 218-W-12B
761 n/4350 137510 218-W-12B
762 574390 137540 218-W-12B
763 574390 137570 218-W-12b

764 574350 13760 218-W-128

7f5 574350 13/630 218-W-128
/6 574390 137660 218-W-128
7G7 574390 13/650 218-W-12B

768 5/430 13//2C 218-W-12B
769 57430 137755 2' W 12B
//5 574420 23775C 218-W-1213
771 574420 137720 218-W-12B

772 574420 13/650 218-W-12B
773 574420 137660 218-1 'N2R

74 5/4420 137630 218,W 12B
775 574420 1376C 213 W 12B
/7( 574420 137570 213-W-12B
/// 5/4420 137540 21 B-W-1H
778 574420 137510 216-W-121

/9 5/4420 137480 21B-W-128
780 574420 13/450 218-W-128
761 514420 '37420 218-W-1213

/82 674420 137350 218-W-12B
783 574420 37360 218-W-12B
784 574420 137330 21 -W-121

/85 574420 137300 211W-123

/59 74420 137270 21B-W-120
/8/ 9/4420 137240 211 W 120
765 _4420 137210 218-W-1213

/69 9/4420 137190 218 W-12B
/90 574420 137150 2'3-W-120

791 574450 137'20 21S-W-129
792 54450 13/150 218-W-128
793 5/4450 13/160 ?16-WF-1?B

/94 574460 137210 2187-W12B
/95 574450 137240 218-W-12B
/05 574450 137270 218-W7-1213
797 574450 137300 218-W7-12B
798 574460 137330 218-W-12B
.99 574460 13/360 218W126
800 574450 13/350 218--128
801 574450 13/420 19 W212

802 5/4450 137450 223-W-32
803 574450 137480 218-W-128
804 574460 137570 218-W-128
805 574450 137540 216 W-128

806 574450 137570 218-W-128
07 574450 137600 218--12B

808 574450 13630 218 v 1?

B09 574450 137650 218-WJ-12B
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810 574450 137690 218-W-12B
811 574450 137720 218-W-12B
812 574450 137750 218-W-128
813 574480 137750 218-W-128
814 574480 137720 218-W-121
815 574480 137690 218-W-128
816 574480 137660 218-W-128
817 574480 137630 218-W-128
818 574480 13/600 218-W-128
819 574480 137570 218W-12B
820 574480 137540 218-W-12B
821 574480 137510 218-W-12B
822 574480 137480 218 W-1213
823 574480 137450 218-W-120
824 574480 137420 218-W-128
825 574480 137390 218-W-12B
826 574480 137360 218-W-128
827 574480 137330 218-W-12B
828 574480 137300 218-W-12B
829 674480 137270 218-W-12B
830 574480 137240 218-W-128
831 514480 137210 218-W-12B
832 574480 137180 218-W-12B
833 574480 137150 218-W-12B
834 574480 137120 218-W-12B
835 5745'0 137120 218-W-12B
836 574510 137150 218-W-12B
837 574510 137160 218-W-12B
838 574510 137210 218-W-128
839 574510 137240 218-W-12B
840 574510 13/270 218-W-12B
841 574510 137300 218-W-12B
842 574510 137330 218-W-12B
843 574510 137360 218-W-12B
844 574510 137390 218-W-12B
845 574510 137420 218-W-12B

846 514510 137450 218-W-12B
847 574510 137480 218-W-128
848 574510 137510 218-W-126
849 574510 137540 218-W-128

B50 574510 137570 218-W-128

851 574510 137600 21B-W-128
852 574510 137630 216-W-128

853 574510 137660 218-W-128
854 574510 137690 218 W-128

855 514510 137720 216-W-12B
856 574510 137750 218-W-12B
857 574540 137750 218-W-12B
858 574540 137720 218-W-128
859 574540 137690 218-W-128
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860 57454 370 2 18-W-12B
811 54549. '3/830 218-W3-12B3

862 545 ~37000 218 W-126
863 3/41345 137570 218 W-/1213

884 574542 137540 218-W-128
f85 574542 '3/310 213-W-123

E3 1 454% 13/480 219-1 12 R
57 13/4140 137450 218-W-12B

888 074540 13742 218-W-12B
865 574640 13/390 2 AW 12B

870 574540 37360 218-W-12B

1371 13/4540 '37330 213 W121

8/2 574545 137300 218-W-12B
8/3 574543 1372/0 218-W3-12B3

874 574840 '3/240 2113W-128
875 5745'S '3 /2*0 2181W-120
176 134140 '31180 218-WI-12B
877 574540 '3715 218-1W-123
3/8 5145 37120 218 W12B

13/9 574545 137050 2'8W W1213

8850 74570 13/090 2181/W-128
88' 674510 31'25 218 W 1213

852 574370 'S 50 28-W-123

883 574570 23/'80 218 W 128

884 57450 1137210 2'5127

31 51413/2 137240 218-A'-2B

330 574070 137270 2183 12B3
133/ 145/S 137.33 21-0/-12

1358 ±4570 137335 213-W1B
889 5/457 13730 218 W 1213
895 1/45:0 137395 218-W3-128

891 5745.0 137425 218 -12S
892 13/45/3 13/453 :318-3-12B

91 1745/0 137480 218-J-126
894 3745 137510 21t-W-123

195 1/4570 137545 218-W-T'2
805 5/4575 13757 218-172 3

897 574575 3/5137750 213-12
898 !/46/0 137630 218--1213

1309 5/410 137760 2 8-W-12B
00 574570 1 37690 2 8-W-123
91 07 1570 137/20 2 8- 23

652 3/413(1 137750 213-1W-25

953 574000 137750 218-W -2-3
304 13(4800 137720 213-W -28

0 574505 137890 218-W-12B
966 574505 137660 2181W3128

907 3402 137630 218-WV-12B
008 1/460 137600 218-W-12B

959 574001375(0 2181W-12B3
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910 574600 13740
911 574600 137510
912 514600 137480
913 574600 137450
914 574600 137420
915 574600 137390
916 574600 137360
917 574600 137330
918 574600 137300
919 574600 137270
920 574600 13/240
921 574600 137210
922 574600 '37180
923 574600 137150
924 574600 13/120
925 574600 137090
926 574630 137060
927 574630 137090
928 574630 137120
929 574630 137150
930 574630 137180
931 574630 '37210
932 574630 137240
933 574630 137270
934 574630 137300
935 574630 137330
936 574630 137360
937 574630 137390
938 574630 137420
939 574630 137450
940 574630 137480
941 574630 137510
942 574630 137540
343 574630 137570
944 574630 137600
945 574630 137630
946 574630 137660
947 574630 137690
948 574630 137720
949 574630 137750
950 574660 137750
951 574660 137720
952 574660 137690
953 574660 137660
954 574660 137630
955 574560 137600
956 574660 137570
957 574660 137540
958 574660 137510
959 574660 137480

218-W-12B
218-W-128
218-W-128
218-W-12B
218-W-128
218-W-128
218-W-128
218-W-128
218-W-128
218-W-120
218-W-128
218-W-128
218-W-128
218-W-12B
218-W-128
218-W-128
218-W-1 2B
218-V-1 26
218-W-12B
218-W-12B
218-W-12B
218-W-1 2B
218-W-12B
218-W-12B
218-W-128
218-W-12B
218-W-12B
218-W-12B
218-W-128
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-128
218-W-128
218-W-128
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-12B
218-W-12B
21 8-W-1 2B
218-W-12B
218-W-12B
218-W-12B
218-W-1 2B
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UnabIc to Set
Unable to Set
Linacle to Set
Unao!e to Set
Unatle 'o Set
Linetle to Set
Unaft o to Set
Unae to Set
Unaote to Set
Unate to Se1

2'8-W-12B
218-W-12B
218-W-123
218-W-'28
218AN-'2B
218 W -2R
218-W-'21
2'8 W -28
218-W-'2D
219-N-2 H
21B-N- 2B
216-2B
21 8-W-2H
218-WN-128

D-32

960
961
§62
963
964
965
966
967
968
S69
970
671
9/2
973

5/4060
574660

S 74660

1/4660
.5/4660
5/4660
574660
574160

57060
574660
574660

6/4600
574660

13/4 50
137420
137390
1373607
13/330
17300

237270
37240

137210

13/ 20
137090
137060
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Staking Survey Data Report
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SURVEY DATA REPORT

Prnject No T ie:
21 8-W-4C Gcophisical Grid Staking

Request No.
084-410

File No.
2FWA-061

Job No. Priepared 13y Rv er
MIiIl NF123470 - 0010-CA10 N. Fastabcnd _2 1a8s

)FSCRIPTION OF WORK D[STRfl T S R PIApT DvW

S(aked 30 nctcr grid at coordinates proVided er ectioni cf2)8-W-4C Btrial Siiirvey I iR
Groumd. St 3/8" I If2" x 49" Wood Lath with paiiilcd ornngc tops and B A. Atlkinson I
marked with coovdiole' CT. Bet iI 1

HidasuImil Coordiinale System: WCS83S/I91 (Meters) ,W, (armnnann 1
Fquipment Used: Trinbk GIPS 5800 I K TY, Mitchell

SURVEY RESULTS AND COMMENTS

See Atlached Grid Sketch and (Cordinate List

No I L r his Survey w as performed imder the superv~ion of a Licensed Profussional Lard Surveyor
registecrd in the State of Wahinglon

I-N W-246 (09irJ4)
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Pt.No. Eawing Nrrthing Site

301 566340 135200 218-W-4C
302 566340 135170 218-W-4C
303 566340 135140 218-WAC
304 566340 135110 218-W-4C
305 566340 135080 218-W-4C
306 566340 135050 218-W-4C
307 566340 135020 218-W-4C
308 566340 134990 218-W-4C
309 566340 134960 218-W-4C
310 566370 134960 218-W-4C
311 566370 134990 218-W-4C
312 566370 135020 218-W-4C
313 566370 135050 2186W-4C
314 566370 135080 216-W-4C
315 566370 135110 218-W-4C
316 566370 135140 218-W-4C
317 566370 135170 218-W-4C
318 566370 135200 218-W-4C
319 566400 135200 218-WAC
320 566400 135170 218-W-4C
321 566400 135140 218-W-4C
322 566400 135110 218-W-4C
323 566400 135080 218-W-4C
324 566400 135050 216-W-4C
325 566400 135020 218 W 4C
326 566400 134990 218-W4
327 566400 134960 218-W-4C
328 566430 134960 218-W-4C
329 566430 134990 218-W-4C
330 566430 135020 218-W4C
331 566430 135050 218-W-4C
332 566430 135080 218-WAC
333 566430 135110 218-W-4C
334 566430 135140 218-W4C
335 566430 135170 218-W-4C
336 566430 135200 218-WAG
337 566460 135200 218-W-4C
338 566460 135170 218-W4C
339 566460 135140 218-W4C
340 566460 135110 218-W-4C
341 566460 135080 218-W-4C
342 566460 135050 218-W4C
343 566460 135020 218-W-4C
344 566460 134990 218-W-4C
345 566460 134960 218-W-4C
346 566490 134960 218-W-4C
347 566490 134990 218-W-4C
348 566490 135020 218-W-4C
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349 566490 135050 216 W 4C
350 566490 135080 218-4)4C
351 566490 135110 218-W-4C
352 566410 135140 218-W-C
353 566490 135170 216 W-4C

354 566490 135200 215594c

355 566570 135200 258-W-C
35 560520 135170 218)--4C

35/ 566520 135110 21659 '10
356 566520 135110 218-W9-4C
359 506520 135080 2'8 W 4c
360 56520 135060 216 W-40

361 566520 135020 2 -85N-C

362 566520 134990 216-N-4C

353 566520 134960 218-C-40

364 566550 134960 2
1

'-NA4C
365 565550 134990 218-A-4C

366 566552 135020 216IN-4C
36 56550 '35050 2'8 W 4(,
3G6 500550 135060 210-W-4G
359 566550 '3S110 2' OW 4C
3/0 566550 136149 216-N-40
3/' 966550 >35170 218-W-4C
372 566550 135200 218-N-4C

3/3 566565 '35200 218-N-4C
374 5 -5FA 1351/0 2181N.-4C
375 500080 135140 21 -W-4C
3,6 566580 '351 0 21 3N.-4C

3'? 569111 135080 2186-N-4C
376 566560 '35050 21 WI 4C
3/0 5 '6580>35020 2 8 -W-4C
353 '66530 '34990 21H-W40
381 566580 '34960 2'-N-4C
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t ) A F tin No lrt n' file

I 566(60 137650 218W-
2 566760 137620 Unable to Se 218-W-
3 566760 137590 Unable to Set 218 W 6
4 566790 137500 Unabie to Set 218-W-6
5 56/Ot 13/530 Una1:1e oi Se, 218-W-6
6 663790 137560 Unable ro Se 218-W-3
7 566790 137590 UIaIbIC to Se" 216-W-6
8 566700 13(620 218-W6
9 566790 137650 21-W-6

10~ 566620 137650 21690-0

11 566620 137620 218-W%-6
12 5615820 13/590 218-W0-6

13 556825 13563 218-W-6
14 566820 137530 21a W-6
15 966620 137500 218-W 6
16 566820 137470 Unable to Set 21 8-W0-6
17 56t850 137440 218-W0-6

1: 516850 13 4/0 214-Wv-6
19 566850 137500 218-W1-6
20 566850 137530 215-W,6
21 565850 13750 215 W 6
22 56850 137590 218 W G
23 56650 137620 218-W -6

24 566850 137650 21B ' (3
25 566660 137C50 316-W 6
20 56080 13(7320 213-9W-6
2/ P66880 137590 2186
28 566880 13750 213-V 6
29 b6680 137530 219 W 6
30 5660 1375C0 216-W-0
31 5663 13/4 0 2183--6
32 300650 137440 216-W0-

33 506861 1:4'0 215-W0-6
31 566010 13/380 2169W 6
35 566910 137410 218-W-6
3] 566910 137440 21-W-6
37 56691 137470 218-W-6
35 51391 13/100 218-W-6
39 566910 137530 218-W-6
40 066910 137550 216-W0-6
41 566910 137590 2164W-6

42 566910 137620 21'vlW-6

13 505510 13/650 218-W-6
44 555940 13/650 21a-W-6

45 566940 137620 218 W 5
46 566940 137590 216-W0-6
47 560940 137500 216-W0-
48 56910 137530 218-WN-6
4D 566040 13500 218 W 6
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50 566940 137470 218-W-6
51 566940 137440 218-W-6
52 566940 137410 218-W-6
53 566940 137380 218-W-6
54 566940 137350 218-W-6
55 566970 137350 218-W-6
56 566970 137380 218-W-6
57 566970 137410 216-W-6
58 566970 137440 218-W-6
59 566970 131470 218-W-6
60 566970 137500 218-W-6
61 566970 137530 218-W-6
62 566970 137560 216-W-6
63 566970 137590 218-W-6
64 566970 137620 218-W-6
65 5669/0 137650 218-W-6
66 567000 137650 218-W-6
67 567000 137620 218W-6
66 567000 137590 218-W-6
69 567000 137560 218-W-6
70 567000 137530 218-W-6
71 567000 137500 218-W-6
72 567000 137470 218-W-6
73 567000 137440 218-W 6
74 567000 137410 218-W-6
75 567000 137380 218-W-6
76 567000 137350 218-W-6
77 567000 137320 218-W-6
78 567030 137290 218-W-6
79 56/030 137320 218-W-6
80 567030 137350 218-W-6
81 567030 137380 218-W-6
82 567030 137410 218-W-6
83 567030 137440 21 B-W-6
84 567030 137470 218-W-6
85 567030 137500 218-W-6
86 567030 137530 218-W-6
87 567030 137560 218,W-6
88 567030 137590 218-W-6
89 567030 137620 218-W-6
90 567030 137650 218-W-6
91 567060 137650 218-W-6
92 567060 137620 218-W-6
93 567060 137590 218-WV-6
94 567060 137560 218-W-6
95 567060 137530 218-W-6
96 567060 137500 218-W-6
97 567060 137470 218-W-6
98 567060 137440 218-W-6
99 567060 137410 21s'N-6
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567063
557060

567060

557090
567093
567390
5637390
55/063
557,93
S 70 92

557093
567093
5671090
5390
567090
5%7090
567090

567123
uS?7120

56/123
557123
237123

567123
567120
557123
557120

57 1520

557123

557 120537123
237120

567 12 s

5/153
50/150
567150
237150

237150

u(71 50
u071 50
507150
if 7150

56/150
557150

5671-53

557150
567150
567180
56/180
557180

D-44

137350

13/7350

137320

137290
137260
13720

137320

137350

13 /380
137410
137440
137470
137300
137630
13750

137590
127520
137550

137650

13/7620
137590

137360
137530

13/500
137470

137440
137410

137380
137350

13/320

1372304
13/260

13?230

137260

1372 0
137320

13350

137380
13/4 1 0
13/440
1 37470
137500
137530

137560

137590
13700

13/650

137650

13/620
13759C0

218W 6
218-WN-6

218-WS-S
218-SW-6
? 18-W-5
21 84V-6
218-VS-
21 B-V-C
218-WS-S
218-W-6
218 -W-
218- 3
21 8--
218 W 6
218-wV-S
218-VS 6
218-W-6
2P8-WS-

2S -W-6

2 18-WS-S

218 -VS-

2 18-W-0
21 8-W-6

2P -VS'-S6
218-WS-S
218-VS-S

2'8-W-

2P8-W-S
28-W-6

21 -5
218-VS-S
21V-W-S
218-V-6
218-W-6
218 -WS-

218-WS-6
218-WS-S
218-WS-E?18 W 13
218-W-6
218-WS-S
218-W 6

218-V-S
218-VS-
21- SV-6218 -W
2 1 P W 6
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150 567180 137560 218-W-6
151 567180 137530 218-W-6
152 567180 137500 218-W-6
153 567180 137470 215-W-5
154 567180 137440 218-W-6
155 567180 137410 218-W-6
156 567180 13/380 218-W-6
157 567180 137350 218-W-6
158 567180 137320 218-W-6
159 567180 137290 218-W-6
160 567180 137260 218-W-6
161 567180 137230 218-W-6
162 567180 137200 218-W-6
163 567210 137200 218-W-6
164 567210 137230 218-W-6
155 65/210 13/260 218-W-6
166 567210 137290 218-W-6
167 567210 137320 218-W-
168 567210 137350 218-W-6
169 567210 137380 218-W-6
170 567210 137410 218-W-6
171 567210 137440 218-W-6
172 667210 137470 218 W 6
173 567210 137500 218-W-6
174 667210 13753D 218-W-
175 567210 137560 218-W-6
176 56/210 137590 218-WN-6
177 567210 137620 218-W-6
178 567210 137650 218-W-6
179 567240 137650 218-W-6
180 567240 137620 215-W-6
181 567240 137590 218-W-6
162 56/240 137560 218-W-6
183 567240 137530 218-W-6
184 567240 137500 218-VV-6
185 567240 137470 218-W-6
186 567240 137440 218-VV-6
187 567240 137410 218-WV-6
188 567240 137380 218-W-6
189 567240 137350 218-W-6
190 567240 137320 219-W-6
191 567240 137290 218-W-6
192 567240 137260 218-W-6
193 567240 137230 218-W-6
194 567240 137200 218-W-6
195 567270 137200 218-W-6
196 567270 137230 218-W-6
197 567270 137260 218-W-6
198 567270 137290 218-W-6
199 567270 137320 218-W 6
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200 567270 13735 218 W 6
201 56/2/0 137380 218-W-6
202 567270 137410 218-VV-6
203 5672/0 13/44C 218-W-6
204 567270 137470 215-WV-6
205 567270 ' 3750G 215 926
206 567270 i3/53C 218-W$-
207 56/270 13/50 218-W-6
208 567?77 137590 21 -W-S

209 567270 137620 218-W-E
210 56/2/0 137657 218 W-6
211 567330 137657 218-W6
212 56730 137620 21B-W-63
213 577300 137550 216-W 6
214 567330 137500 218-3-4
215 567320 1375:16 318-W2-C
216 567300 737570 218-92-6
21/ 56/36 13/4/0 218-W-6
218 56732 137440 21-W, 6
219 567300 13741C 13-N-6
220 567300 137380 218-W2-C
221 56/300 13350 218-9-6
222 567300 137320 218 W 6
223 53/306 13/200 218-W-6
224 5330 '3/260 2'8-W-
225 56/300 07230 28-W-6
226 55330 23/20 218-W-C
22/ 567330 137200 218 W 6
228 067330 137320 218-W-6
229 55733C 13/356 218--W-6
230 567330 137380 218-W-E
231 511/31 13/410 2'8-W-6
232 56/330 137440 28- ,)e
233 007330 1 37479 V1-W4
234 67330 '37500 273-W-
235 567330 737530 218-W-6
236 56733? 137560 21 -W-6
237 56/330 3/590 218W 6
238 567330 137620 218 N-I
239 567310 13765C 218-V-C
240 56730 13/650 218-WN-6
2-1 56/360 13/620 218-W-6
242 567360 137690 21W-S
243 56/360 13/560 2169W.6
244 567360 13753 218-V-
245 567360 137500 218-W-
246 56/360 1374/0 218-I/l6
24/ sOYSOS 13/440 218-W-6
248 667330 13/41C 218-N-6
249 557359 13735C 218-W-0
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250 567360 137350 218-W-6
251 567360 137320 218-W-6
252 567360 137290 218-W-6
253 567390 137350 218-W-6
254 567390 137380 218-W-6
255 567390 137410 218-W-6
256 567390 137440 21B-W-
257 567390 137470 218-W-6
258 567390 137500 218-W-6
259 567390 137530 218-W-6
260 567390 137560 218W-8
261 567390 137690 218-W-6
262 567390 137620 218-W-6
263 567390 137650 218-W-6
264 567420 137650 218-W-6
265 567420 137620 215-W-6
266 567420 137590 218-W-6
267 567420 137560 218-W-6
268 567420 131530 218-W-6
269 567420 137500 218-W-6
270 567420 137470 218-W-6
271 567420 137440 218-W-6
272 567420 137410 218-W-6
273 567420 137380 218-W-6
274 567450 137440 218-W-6
275 567450 137470 218-V/-W
276 567450 137500 218--Wf
277 567450 137530 218-W-6
278 567450 13/560 218-W-6
279 567450 131590 218-W-6
280 567450 137620 2186W-6
281 567450 137650 218-WN-6
282 567480 137650 218-Vi-
283 567480 137620 218-W-6
284 567480 137590 218-V
285 567480 137560 218-W-6
286 567480 137530 218 W 6
287 567480 137500 218-W-6
288 567480 137470 218-W-6
289 667510 137530 218-W-6
290 567510 137560 218-W-6
291 56/510 137590 218-W-6
292 567510 137620 218-W-6
293 567510 137650 218-W-S
294 56/540 137650 218-W-6
295 567540 137620 216-W-6
296 567540 137590 21V-W-6
297 567540 137560 218-W-6
298 567570 137590 218-W-6
299 567570 137620 218-W-6
300 567570 137650 218-W-6
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Attachment D2

Site Investigation Details, Data Plots, and Overlays
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Terms

DGPS differential global positioning system

EM electromagnetic

EMI electromagnetic induction

GPR ground penetrating radar

GPS global positioning system

PC personal computer

WCH Washington Closure Hanford

WIDS Waste Information Data System
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D2-1 Site Investigation Details, Data Plots, and Overlays

Information is provided on the ground-penetrating radar (GPR), electromagnetic induction (EMI), and
magnetic data collected, along with details of the investigation, for each "burial ground" discussed in this
document. This attachment also presents an overlay of the geophysical results with mapped surface
features for each site investigation.

D2-2 218-E-10 Annex Geophysical Investigation Summary and Data Plots

Site Nanie

Location

Approximate Size

Burial Ground
Information

Terrain

Vegetation/Ground
Cover

Flydrological
Properties

Lim1i tatiOaPs/
Obstacles

Overall Assessment
for Geophysical

investigation

21-l -0 Annex

200 East Area

2 10 ii (689 It) x 615 ni (2,017 ft) (about 14 ha [35 ac [)

No documented use

Gcncrally hlat

Iunch grass, Russian thistle, other grasses and weeds

Surface dry at time of data collection

None

EMI, magnetic methods, and GPR cffective at meeting project objectives

Equipment

GPR SIR-10A1 G1T system with 200 Milz antenna

EMI Frequency domain EMI: Geonics M3 12 Ground Conductivity Meter and data logger.
Trimble DGPS for navigation and positioning.

Total Magnetic G-858/G Csium Vapor Miagnetometeri(radioiieter 3

Field

Data Collection and Processing Parameters

1 SIR-10A (GPR system) is a registered trademark of Geophysical Survey Systems, Inc., North Salem, New
Hampshire.

2 Geonics EM31 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.

3 G-858/G Cesium Vapor MagnetometeriGradiometer is a trademark of Geometrics, Inc- San Jose, California.
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Grid L ocation Fluor personnel staked grid nodes at 30 it (98 f) centers using a Trimble GPS 5800 RTK 4

Control and Data system and coordinates supplied by WCH, based on WIDS documentation. The 30 m (98
Colection Lines It) node base grid was 270 i (886 ft) north-south, 660 in (2,165 U) east-west; data

collection lines were flagged at 6 In (19 ft) intervals in the east-west direction along grid
nodes.

SIR-10A Data were collected at specific sites with the antenna pulled by hand. Marks were placed in
the data as the instrument passed position marks tied to the base grid nodes, painted on the
ground at 2 in (6 ft) intervals. Data were stacked (two signals), recording window 108 ns,
gains and filters set in field to match soil conditions. Hard copy plots of data were printed
in the office on a thermal printer for interpretation.

EM31 Data were collected at hip height in the vertical dipole mode with samples recorded every
0.5 seconds (nominal 0.5 in [I .6 fil data spacing along line). Data were collected on 6 in
(19 ti) line spacing in both the north-south and east-west directions.

For the east-west profilLes DGPS was used for navigation and positioning. Data were
downloaded from the field PC and written to a .xyz data file. The data was then reviewed
using standard spreadsheets such as Excel .

For north-south lines, data positioning relied on survey marks/pin flags. Data were
downloaded from the data logger to a PC using DAT3 I .exe and then converted to
DAT3lW 6 forat. Corrections of position errors during data collection (if any) were made.

Data were gridded and plotted using Surfer7 . Grid cell size for data plots is nominally 6 in
(19 ft) (cross line) x 2 in (6 RI) (down line) and the nearest neighbor algorithm was used for
contouring.

G-858/G Data were collected with sensor 0.5 and 1.25 In (1.6 and 4 ft) above the ground in
continuous sampling mode with samples recorded every 0.3 seconds (nominal 0.3 in [ I ft
data spacing), and fiducial positioning marks placed every 30 in (98 11), on lines spaced 3 m
(10 ft) apart. Data were collected in north-south direction with the sensors oriented
east-west at a 45-degree angle to the horizon. Data were downloaded from the field
instrument. filtered for spikes and dropouts (if any), corrected for position errors (if any),
and written to a .xyz file using MagMapper2000.exe 8. Data were gridded and plotted using
Surfer. Grid cell size for the data plots is nominally 3 in (10 ft) (cross line) x in (3 ft)
(down line) and the nearest neighbor algorithm was used for contouring. Profile spacing,
contour thresholds, and intervals were aggressively chosen in order to maximize the ability
to detect anomalies that could be attributed to drum size or even smaller objects.

Equipment
Functional Check

Location

4 GPS 5800 RTK is a trademark of Trimble Navigation Limited, Sunnyvale, California.

5 Excel is a trademark of Microsoft Corporation, Redmond, Washington.

6 DAT31 .exe and DAT31W are trademarks of Geonics Limited, Mississauga, Ontario, Canada.

7 Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

8 MagMapper2000.exe is a trademark of Geometrics, Inc., San Jose, California.
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Results

)ata lfiscussion/
Interpretation

Lessons I.earned

Refer to data plots D2-i through D2-1 I and Table D2-1 during the following discussion:

To illustrate the predominately quiet and anomaly-free nature of the survey area, the
anomalies that dominate most of the magnetic field vertical gradient data are associated
with TI-posts and mtetal survey pin flags or can be correlated with visible surface Features
such as well casings. ' -posts support a small chain surrounding the 218-F-lU Annex and
the pin flags were pliced at 6 m (19 ft) intervals along Ni 37540, Ni 3760. N 3766 and
NI 3772) Numerous small discrete magnetic momalies are also scaltered throughout the
data. but ilost of thcse appear to be associated with basalt cobbles/boulders observed on the
sirface and occasionally to miscellaneous small pieces of metal scattered througIlout the
survey area.

The EMI apparent ground conductivity and in-phase data also indicate an overall quiet

background for the entire site.

The notable exception to the otherwise benign character of the site is an aiOntMalOuls area
that might represent signiicant buried debris, centered at about N137700 and E572990.
GPR data were collected around this area For further characterization. The GPR data
ildicate this area likely contains shallow, scattered debris buried frotn 0.3 to 1.0 in ( I to 3

ft) below the surface over an area 10 to 20 m (33 to 66 1l) across.

ivei tle objective of cLaracterizing tile site with the intent not to miss a pickup size area
of debris or a minimun target size equal to a 55-gallon drum, tle profile spacing for the
magnetic field data is appropriate. It might be argued that EMI data collected only in one
direction, still spaced at 6 in (19 ft) intervals. would be adequate. However, having EM data
collected il two directions greatly improves the possibility of detecting an unknown liquid
or non-ferrous material filled trench, if they were present.

Table D2-1. Summary of Results from 218-E-10 Annex

Target ID Easting Northing Target Description

572681 17

572786.72

13757619

137543.58
-~ I- -I

573037.54

573172,73

573148.42

573149.01

137687 07

137678,18

137532.31

137524.01

572990001 137700.00

Sgle low-amplitude magnetic target

Miltiple low-amplitude magnetic targets

Single lo w-anmplittide nagLetic target

Single low-amplittde magnetic target

Single low-amplitude magnetic target

Single low-amplitude magnetic target

Area magnetic and EM target

Note: Target I Os are posted on the (iophysica Interpretation Map Coordinates in Washington State Plane Meters/NA)3

0-59

I 10-A

EIO-B

EI O-C

El0-D

E10-F

E l0-F

LEO-G

-Ai
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Figure D2-1. Geophysical Interpretation Map, 218-E-10 Annex, 200 East Area, September 2008
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Figure D2-2. Ground-Penetrating Radar Interpretation Map, 218-E-10 Annex Detail Area, 200 East Area, September 2008
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Figure D2-6. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data, North-South
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Figure D2-7. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data, East-West Profiles, 218-E-10 Annex,
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Figure D2-8. Electromagnetic Induction (EM31) In-Phase Data, North-South Profiles,
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D2-3 218-E-12B (Western Portion) Geophysical Investigation Summary and Data Plots

Site Name 21 8 -E-12fl (Western Portion)

20)0 East Area

Trapezoid with an angled southern base, measuring roughly 460 M (1 509 l) across
by 650 i (2,132 fl) north-south (about 24 ha [60 ac])

Burial Ground Information I No documented use

Terrain I

Vegetation/Ground Cover

Hydrological Properties

Limitations/Obstacles

Overall Assessment for
Geophysical Investigation

Generally flat

Bunch grass, Russian thistle, other grasses and weeds

Surtface dry at time of data collection

None

EMI and magnetic methods effcctive at meeting project objectives

Equipment

EN1I Frequency domain FM[: Geonics M3 I Ground Conductivity Meter with a data
logger. Trimble DGPS for navigation :nd positioning.

Total Magnetic Field G-858/G Cesium Vapor Magnetometer/Gradioieter

Data Collection and Processing Parameters

Grid Location Control and Flior personnel staked grii iodes at 30 i (98 ft) enters using a Trimble GPS
Data Collection Lines 5800 RTK system and coordinates supplied by WClI, based on WIDS

documentation. The 30 in (98 f) node base grid was 690 I (2,263 ft) north-south,
480 im ( ,574 ) east-west data collection lines were flagged at 6 i (19 ti) intervals
in the east-west and north-south direction along grid nodes.

EM31 Data were collected at hip height in the vertical dipole mode with samples recorded
every 0.5 seconds (nominal 0.5 m 16 tJ data spacing along line). Data were
collected on 6 m (19 ft) line spacing in both the north-south and east-west
directions.

For both the east-west and north-south lines, data were downloaded from the data
logger to a PC using DA T3 I exe and conv erted to DAT3 I W tornat, The data
were then reviewed using standard spreadsheets such as Excel. and corrections of
position errors during data collection ifany w ere made.

l)ata vWere grdded and plotted usig Surfer Grid cell size for data plots is
nommially 6 mi (19 i) (cr oss lne) < 2 in (6 11) (down line) and the nearest neighbor
algoithm was ied f or contouring-
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Geophysical Investigation Summary Sheet
G-858/G Dt v r CO d Ith I),rs0 111d 1 29 m I I [ t l abov e the ground I

Connuous sampling nmode with samples recorded evr 0 seconds (noInal
0.3 1i [1 01 data spacing), and fiducial positionmig marks placed every 30 ni 98 ).
on lies spaced 3 I (10 0t) apart Data were collected In north-south dirction with
the sensors oriented cast-west at a 4-degree angle to the horizon Data ere
downloaded from the field instrument, Filtered Foi spikes and dropouts il mn)
correctcd For position errors il n ) and written to a -xy file using Geometres
Iie MaLapper2000 exc. Data were grIdded arid plotted using Skrler. Grid cell
size FoT the data plots is nominally 3 m (10 II) (cross line) x I In (3 t) (dow ii line)
ad the nearest neihbor algorithm was used for contouring. Profile scp u-.

contour thresholds and iterals were aggressiAe Chosen in order to marimi/C the
ability to detect antoalies that could be atributed to drum size or C% Ci smalle1
objet s

Equipment Functional
Check Location

Results

Data Iiseussion/
Int rprctation

Lessons Learned

Retbr to data plots I)2-12 through D2-2 1 and Table D2-2 during the Following
discussion:

Tlo illustrate the predominately quiet and anomaly- free nature oF the strVey area.
the aitomalies that domnate most of the magnetic field vertieal gradient data are
associated with F-posts and metal surx ev pin t rgs or can be correlated with xihle
surtace Fatures. 'V-posIs support a small chain suounding the 2 1 l-- I 280

W eCer n PorIon) and the pin lags were placed at 6 in (19 10) interals along
N 11~20. N I310. N 37240. NI137300. N 137360, NI 3420, N '13740N 370.
NI 13760). NI 3600, NI 137'20 and also along nirth-south node lnes spaced
typicalily 60 m ( 197 11) apart Numerous small, discrete mazneti anomahies are also
scattered loughout the data, but most of these appear to be asociated with basalt
Cobbles boulders observd on the surftce and occasionally to niscel lancous small
pieces oF metal scattered throughout the survey area-

The I apparent ground conductivity and in-phase data also irdicate an overall
quiet background for the entire site

No buried dmin or trench-like features were observed in the data.

Given the objective of charcteriic/ the site xwith the intent not to miss a pickup
si/e area of debris or a minimum target size equal to a 55-gallon drum, the profile
spacing fr the magnetic field data is appropriate It might be argued that FM I data
collectel only in tile dictotin still spaced at 6 In ( 9 ft) intervals, wvould be
adequate. ll. haine 'M data collected in two directions greatly improves the
possibility of detecting an unknown liquid or non-ferrous mitcrial tilled trench, if
they were present.
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Table D2-2. Summary of Results from 218-E-12B (Western Portion)

574263.7

574275.7

574251.8

574332.6

574464.2

574557

137277.6

137275.6

137472-1

137669.6

137655.6

137642.7

Multiple low amplitude magnetic targets

Multiple low-arnplitude magnetic targets

Single low-amplitude magnetic target

Single low-amplitude magnetic target

Single low-amplitude magnetic target

Single low-amplitude magnetic target

E12-G 57 4549 137525 Single low-amplitude magnetic target

E:12-11 574364.5 137353.4 Single low-amplitude magnetic target

Note: Target IDs are posted on the Geophysical Interpretation Map Coordinates in Washington State Plane MetersNAD83
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Figure D2-12. Geophysical Interpretation Map, 218-E-12B (Western Portion),
200 East Area, September 2008
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Figure D2-13. Surface Features Base Map, 218-E-128 (Western Portion),
200 East Area, September 2008
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Figure D2-15. Vertical Magnetic Gradient (G-8581G) Data, 218-E-12B (Western Portion),
200 East Area, September 2008
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Figure D2-16. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data,
North-South Profiles, 218-E-12B (Western Portion), 200 West Area, September 2008
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Figure D2-17. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data,
East-West Profiles, 218-E-12B (Wester Portion), 200 East Area, September 2008
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Figure D2-18. Electromagnetic Induction (EM31) In-Phase Data, North-South Profiles,
218-E-12B (Western Portion), 200 East Area, September 2008
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Figure D2-19. Electromagnetic Induction (EM31) In-Phase Data, East-West Profiles,
218-E-12B (Western Portion), 200 East Area, September 2008

D-81



SGW-48278, REV 0

137750

137720

137690

137660

137630

137600

137570

w I
I

137540

137510

137480

137450

E
137420 -

o 137390
z

137360

137330

137300

137270

137240 - -

137210

137180 I~

137150 Vertical Magmr!ic Gradinni

137120 LI nTme (absolule val) tea

137121)

137090
o 0 0 0 0 0 49 0 0 0 0 0 0 0

Easting (meters)

Meters

0 30 60 90
Washiaqlon Slate lane Soulh

NAQ83

Vertical Magnetic Gradient (G858/G) Overlay
218-E-12B (Western Portion)

200 East Area
September 2008

Figure D2-20. Overlay: Vertical Magnetic Gradient Data and Surface Features,
218-E-12B (Western Portion), 200 East Area, September 2008
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Figure D2-21. Overlay: Electromagnetic Induction In-Phase Data and Surface Features,
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D2-4 218-W-4C Annex Geophysical Investigation Summary and Data Plots

21 8-W-4C Annex

200 West Area

A pproximite Size

Burial Grouind
Informiation

Terrain

Vegetation/Ground
Cover

Hydrological Properties

Limiitations/Obstacles

Overall Assessment for
Geophysieal Investigation

230 m (754 It) x 210 i (689 11) (about 4 ha [10 ac])

No documented use

Generally flat

Bunlch grass. (usNian thistle, and other grasses and weeds tn the eastern third and
older growth sagertu1s ini the western portion of the site.

Surface dry at time of data collection

None

E1Nl, magnetic methods, and GPR elfective at meeting praject objectivses

Equipment

GPR

E Nl

Total lvagnetic Field

Grid Location Control
and Data Collection ines

SIR-10A

EM31

SI R- I 0A GPR system with 200 MHz aitenna

Frequency domain 1%11: Gconies EM3 I Ground Conductivity Meter with a data
logger. Trimbk l)( I I"S for navigation and positioning

G-85t8Xi Cestum Vapor Magnetometer (radiomete

Data Collection and Processing Parameters

I lunor personLl stake d gid odes at 30 m (9X fl) centers tsig a i mble GPS 5800
R [K system and coordinates supplied by W( I , based on \\IDS documentaion.

he 1) m ( I) node base grid was 240 mi (77 fl) inorth-south. 240 In 77 0
east-test: data collection ines were lagged at 6 m (1 9l intmer als in the east-est
direct oon alon the eastern grid nodes (out of the older grow th sage)

Data were collected at a specilie site with the atitenna pulled by hand. Marks were
placed in the data as the instrumetint passed position marks tied to (lie base grid nodes,
pamIteld on Te ground at 1 i1 (3 l interals. Data were itacked (two signals)
recordIg witdos 105 is gans and ilters set Im field to match soil conditions lard
copY plots of data were printed In the ofice on a thermal prInter or Iter pIetation.

Dait were collected at hip height i the vertical dipole mode with samples recorded
every 03 secoiids (nommtal 05 i [1 .6 ft data spacing along ihne). Data were

collected on 6 li I19 b Itne spuenmg in both the north-smith and east-w est directons

1JG155 was used tr navigaion and positn ing for both the nith-south and east-west
proiles Lata were dowtloaded [rin lie field PC and ritten to a s data file.

!he data were thei reviewed usig standard spreadsheets such as Excel.

Data were gridded and plotted usig Surfer Grid cell size lor data plots is nominally
6 mi (19 lb (cross line) x 2 n (6 t) (down line) and the near est neighbor algorithm
was used for contouring.
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G;-858/G Rata were collected with sensors 05 and 125 i ( I 6 and 4 01) above the ground iin

continuous sampling mode with samples recorded ev ery 0 3 seconds (nominal 03 in
i Ill data spacing). and tidtcial positioning marks placed every 30 m (98 ft), On iles

spaced 3 In (10 (t) apart DGPS was used hr nax igatIon aId posItioning in the older
growth sage brush areas. All data were collected in the north-south direction with the
sensors oriented east-west at a 45-decree atgle to the horizon. Dati were downloaded

from the held instrument. lihered For spikes and dropouts (if any), corrected for
position errors (if any), and written to a .xyz tile using MagMapper200.Cxe.

Data were gridded and plotted using Surfer. Grid cell size for the data plots is
nominally 3 in ( I () cross line) x I in (3 11) (down line) and the nearest neighbor
algorithm was used for contouring. Profile spacin, contour thresholds, and intervals
were aggressively chosen [i order to maximi/e the abity to detect anomalies that
could he attributed to drum size or even smaller objects.

Equipment Functional
Check Location

Results

Data Discussion/ Refer to data plots D2-22 trough D2-32 and Table D2-3 during the following
Interpretation discussion

Io illustrate the predominately quiet and anomialy-free nature of the survey area, the
anoimales that dominate most of the magnetic fieldivertical graTient data are
associated with I-posts aid metal survey pin iLags or can be correlated with visible
surface eatures such as air momtors or miscelliaeous metal debris i-posts sUpport a
smll chain surromding the 21 -W-4C Amnex and are visible in the dt a Pmit hiags
were placed at 6 m ( P I) intervals along NI 35050, NI 35 110 N P35170 md

N 35200. otly in the eastern 60 il 1197 1') of the survey area I hese pin flags are also
visible i the data. Several small, discrete magneti anomalies are scattered
throughout the dha but most correlate with visible surface features/debris.

The I \1 apparent ground conductivity and i-phase data also indicatc an overall
quiet background fOr the entire site.

I he notable excepton to the otherwise bemtgn character ol the site is an anomalous
area, ohservCd im bIoh the magnetic and IM data, centered at about NI 35140 and
1P566480 GI'R data were collected around this area for further characterizatot
I he GPR data indicate this area contins a few shallow, scattered pieces of debris,
buied from 0.3 to 10 m ( to 3 11) below the surtae, confined laterally within a
few meters

No buried drum or trench-like features were observed in the data.

Lessons Learned (iven the objctive of characterizing the site w ith the iiitent not to miss a pickup size
area of debris or a minimum target si/c equal to a 55-gallon drum, the profile spacing
for the magnetiield data is appropriate. It might be argued that EMI data collected
only i one hrection, still spaced at 6 in (19 ft) ntervals, would be adequate.
However, having E M data collected in two directions greatly improves the possibihty
of detecting an unknowvn liquid or non-ferrous material tilled trench, if they were
present.
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Table D2-3. Summary of Results from 218-W-4C Annex

Target ID Easting Northing Target Description

W4C-A 5664 1. 4 135174.5 Sinl low-amplitude magnetic target

W4C-B 566476 7 135138.6 Multiple high-amplitude magetic arget

W4C-( 566479. 1 135139.3 Single high-amplitude EM target

Note: Target IDs are pOsted on the Gcophysical Interpretation Map Coordinates in Washington State Pae MNlcer_ NAD'
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Figure 02-22. Geophysical Interpretation Map, 218-W-4C Annex,
200 West Area, September 2008
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Figure 12-23. Ground-Penetrating Radar Interpretation Map, 218-W-4C Annex Detail Area,
200 West Area, September 2008
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Figure D2-24. Surface Features Base Map, 218-W-4C Annex,
200 West Area, September 2008
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Figure D2-25. Residual Magnetic Field (G-8581G) Data, 218-W-4C Annex,
200 West Area, September 2008
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Figure D2-26. Vertical Magnetic Gradient (G-8581G) Data, 218-W-4C Annex,
200 West Area, September 2008

D-91

,11114

04

4

-4.

"1

Easting (meters)

01

Co

4



SGW-48278, REV 0

Easting (meters)

Ground Conductivity
Contour Interval : 1.0 mS/rn

LEGEND

Fence

METERS

0 30 60
Washington Slate Plane South

NAIJS3

Electromagnetic induction (EM31)
North - South Profiles

218-W 4C Annex
200 West Area

September 2008

Figure D2-27. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data,
North-South Profiles, 218-W-4C Annex, 200 West Area, September 2008
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Figure D2-28. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data,
East-West Profiles, 218-W-4C Annex, 200 West Area, September 2008
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Figure D2-29. Electromagnetic Induction (EM31) In-Phase Data, North-South Profiles,
218-W-4C Annex, 200 West Area, September 2008
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Figure D2-30. Electromagnetic Induction (EM31) In-Phase Data, East-West Profiles,
218-W-4C Annex, 200 West Area, September 2008
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Figure D2-31. Overlay: Vertical Magnetic Gradient Data and Surface Features,
218-W-4C Annex, 200 West Area, September 2008
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Figure D2-32. Overlay: Electromagnetic Induction In-Phase Data and Surface Features,
218-W-4C Annex, 200 West Area, September 2008
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D2-5 218-W-6 Geophysical Investigation Summary and Data Plots

Site Nane

I .ii ition

ApproXiflmate Size

Burial Ground Information

Terrain

Vegetation/Ground Cover

HNydirological Properties

oirnittions/Obstacles,

Overall Assessment for
Geoplhysical Investigation

EI

Total Magnetic Field

Grid Location Control and
Data Collection Lines

EM31

+

21-W-6

200 West Area

Triangular shaped site, meastiring roughly 740 in (2,428 ft) across by 430 in
(1,410 ft) north-south (about 20 ha f50 aCd). coming to a point at the center of the
southern edge

No documtented use

S 1en]rally t with "windrows" of vegctation debris from somne minor surface work

Bhiuch grass. Russian thistle, other grasses and wceds

Surlface dry at timc of data collection

A drill pad, ilud a dill rig, drill pipe, and drum storage in the center of the
site. A powr im corridor runs r oughly north-south through the center of the site,

EMI and magnetic methods effctive at meeting project objectives

Equipment

[requency domain EMI: Geonics EM3 I Groiimd Conductivity Meter with a data
logger. TIrinmble [)GPS for navig Mon and positioning.

(i858 ( 'estu Vapor Magnet eter /radi meter

Data Collection and Processing Parameters

Sloor persoinel staked grid nodes at 0 i (O% iti centers using a ri mble (PS
1l( RI K system and coordinates supplied by WU 1. based on W I DS

documentatToit The 30 in (9 8) node base grid was 450 i ( 1,476 ft) north-south.
0 in (2,60 ft) east-west: data collcetioln ines wcre Ilagged at 6 im (19 )

imtcrvals in the east-wcst direction along grid nodcs.

Data were collcted at hip height in the vertical dipole mode wilh samples recorded
every 0.5 scconds ( nominal 0.5 i 11.6 Iil data spacing along line) Data were
collected on 6 m (19 1) line spacing in both the north-south and east-west
directions.

For the east-west profiles, D PS was used t0r navigation and posiiioning. Data
wecrc down uloaded from the fiCId P( and writtcn to a .xyz data file. The data were
then reviewed using standard spreadsheets such as Excel.

For north-south lies, data poitonng reied on survey marls pin lags. Data were
downloaded from the data ntelogr to a PC sing I)A 11 mexe. and then converted to
DAT3 1W tormat Corrections of 1 sitO errors durig data collection (if any)
were made.

Data were gridded and plotted using Surter. Grid cell sue tor data plots is
nominally 6 in 19 ft) (cross line) x 2 i (6 I) (down line) and the nearest neighbor
algorithm was used f or contouring.
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G858/ I Data were collectled with sensors 0.5 and 125 Im (1 6 and 0I ahove the rounl I
continuous samplng mode w ith samples recorded every 0.3 seconds (nominal
0-3 i [ ij data spacing). and fiducial positiomng marks placed every 30 m (98 Q),
on lines spaccd 311 (10 I) apart Data were collected in north-south direction with
the sensors oriented east-west at a 45-degree angle to the hori/on. Data were
downloaded from the field instrument, tiltered fur spikcs antd dropouts (if any)
cotrected for position errors (if ay) and written to a xyz file using
\agwpper2000.ee. Dta were gridded andplotited using Surfer Grid Cell si/c
for the data plots is nominally 3 In (10 Fto (cross ine) I in (3 ft) (down lne) and
the nearest neighbor algoithm was ITsed for contouring Profile spacing, contour
thresholds and intervls were aggresvely chosen i or der to maximize the abili
to detect anomalies that could be attributed to drum si/e or even smaller objects.

Equipment Ftnctional
Chteck Location

Results

Data Discussion/ Refer to data plots D2-33 through D2-42 and Table D2-4 during the following
Interpretation discussion

'o illtistrate the predominately quiet and anoinaly-ftrec nature of the sIrvey area.
the anomalies thit dominate must of the magnetic tieldvertical gradiet data are
associated with I -posts and metal survey pin flags or can be correlated witlh visible
surface features. I-posts support a small chain surrounding 21X- W-6 and the pin
flags were placed at 6 in (19 1) intervals along N1 37260., N 13732, N1373t
N137440. NI 37500, NI 37560. and N137620 Numerous small, discrete magnet
anomalies are alo scattered throughout the data, btit matmy of these appear to be
associated with basalt cobles/houlders observed on the surface and to
miscellaneous small pieces of metal. wire rope, et. scattered throughout the surv ey
area. The "anomalous" signature along the southwestern edge of the survey area is
from a railroad track and the large anomaly, centered at about N 137510 and
[ 567195 is the drill pad rig locaion

The EMI apparent ground conductivity and in-phase data also indicate an overall
quiet background for the entire site.

The sotithern portion of the survey area appears to have tie highest amount of
suraCte/Lear surface metallic debris.

No buried drum or trench-like features were observed in the data.

Lessons Iearned Given the objective of characterizimg the site with the intent not to miss a pickup
size area of debris or a munmim target si/e eqtaI to a 55-gallon drum, the profile
spacing for the magnetic field dai is appropriate. It might be argued that EMI data
collected only in one direction. still spaced at 6 m (19 fl) intervals, would be
adequate. But, having EM data collected in two directions greatly improves the
possibility of detecting an unknown liquid or non-ferrous material filled trench, if
they were present.
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Table D2-4. Summary of Results from 218-W-6

566982. 4

567122.7

567135.7

567182.5

567198.6

137564.7

1374505

137442-1

137441.3

137442 1

Multiple low-amplitude magnetic targets

Single low-amplitude magnetic target

Single low-amplitude magnetic target

Single low-amplitude magnetic target

Single low-amplitude magnetic target

W6-F 567220.8 137435,9 Single low-amplitude magnetic target

W6-G 567161 137325.5 Single low-anplitude magnetie target

W6-l1 567072.1 137363.9 Single low-amplitude magnetic target

W6-1 567215.4 137261.2 Single low-amplitude magnetic target

Note: Target IDs are posted on the (eophVsical Interpretaion Map Coordinates in Washington State Plane MetersfNAD83
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Figure D2-33. Geophysical Interpretation Map, 218-W-6, 200 West Area, September 2008
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Figure D2-36. Vertical Magnetic Gradient (G-8581G) Data, 218-W-6, 200 West Area, September 2008
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Figure D2-39. Electromagnetic Induction (EM31) In-Phase Data, North-South Profiles,
218-W-6, 200 West Area, September 2008
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D2-6 Reference

NAD83, 1991, North Amorwwzn Daum u/ 1983, National (ieodetic Survey, Federal Geodetic Control
Comnitee, Silver Spring, Maryland, as revised.
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Attachment D3

Software Verification and Validation Data File
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D3 Software Verification and Validation Data File

To demonstrate proper contour calculation and placement (i.e., software verification), a regular grid of
arbitrary numbers was created and processed by the software. Figure 1)3-1 shows the numbers plotted in
their respective locations. These data then were gridded using the nearest neighbor method (as used in the
investigation) Contours were calculated by the sotiware and superimposed over the grid of numbers.

Inspection of Figure 1)3-I shows that the contours were correctly placed, based on the numbers shown in
the grid.
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Figure D3-1. Software and Verification and Validation Demonstration
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